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Abstract
Samples of two staple foods (rice and maize flour) which were locally cultivated in different 
regions and are consumed by children in Tanzania were analysed to determine the levels of 
essential and toxic elements as a possible criterion to identify food varieties with more bio- 
available nutrients. Short irradiation Jnsti-umental Neuti’on Activation Analysis (INAA) was 
applied to food samples and Particle Induced X-ray Emission (PIXE) analysis was used as a 
complementary technique for the determination of P, Cr, Ni, Fe, Zn, and Cd that could not be 
determined by short inadiation INAA. The concentrations of .Na, Mg, Al, P, Cl, K, Ca, V, 
Cr, Mn, Fe, Cu, Zn, Br, and I were determined in food samples using a combination of both 
techniques. The concentrations of elements in both foods were in the range of the elemental 
levels reported in the literature. However, concentrations of P, which is an indicator of the 
anti-nutrition compound phytic acid, were found to be high. Methods of reducing phytic acid 
in a meal are reviewed and suggested. Rice fi'om two regions reported to be the major 
cultivators of rice in Tanzania (Mbeya and Morogoro) showed similar elemental mean 
concentration levels. However, rice cultivated in Mbeya was found to have more 
bioavailable Fe than rice from Morogoro.
Hair samples from children living in three regions in Tanzania were analysed as a bio­
indicator of their nutrition and health. The samples were analysed by short and long 
irradiation INAA. Ag, Al, As, Au, Ba, Br, Ca, Cd, Ce, Cl, Co, Cr, Cu, Dy, Eu, Fe, Hf, I, K, 
La, Mg, Mn, Na, S, Sb, Sc, Se, Sm, Sr, Ta, Th, U, V, Zn were deteimined in varying 
concentiations depending on geogiaphic location, environmental exposui'es and food 
consumption habits. The mean hair concenti*ations of the elements in this study were 
comparable to the published elemental levels of healthy children of the same age group. 
However, the mean concentrations of Zn in samples from the mainland part of Tanzania (Dal­
es Salaam and Moshi) were lower than the values reported in the literature. Mean 
concentration of Al, which needed further follow up, was found to be considerably higher in 
hair samples fi'om children in Moshi compared to the values reported in literature.
Radioactivity measurements were carried out in samples of rice and maize flour from 
Tanzania using low-level gamma spectrometry. The specific activities of ^^ ^Ra, ^^ T^h 
and were in the same range as the values in foods from uncontaminated soils reported in 
the literature. The specific activities of the radionuclides were found to be higher in maize 
flour than rice cultivated in the same region. The calculated total committed effective dose 
due to the consumption of rice and maize to children of age 7 -12  years in Tanzania was 
found to be less than the annual dose guideline of 1 mSv recommended by ICRP.
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CHAPTER ONE 
1.0 INTRODUCTION
The present work has utilized biological samples from Tanzania to monitor the 
nutrition status of children. The study involved the analysis of staple foods for 
mineral contents, the analysis of hair samples for essential and toxic elements and the 
measurements of radioactivity accumulations in the staple foods as well as the dose 
calculation from the accumulated radioactivity.
1.1 General Introduction
Trace element malnutrition is a major global health concern because deficiency 
of trace elements in the body is associated with ill health and diseases. The concern 
is more focused on developing countries since the statistics of malnutrition in these 
countries ar*e high. One third of the total population in developing countries is 
reported to be affected by mineral deficiency and therefore more vulnerable to 
infections and impairment of physical and psycho-intellectual development \  
Deficiency of frace elements impairs the immunity system of a body which then 
leads to higher risk of complication and death from communicable diseases. For that 
reason, a child with malnutrition is much more likely to die from connnon childliood 
disease than a well nourished one. Malnutrition is reported to be the biggest cause of 
death for children in developing coimtries. It is said to contribute to 53% of death 
related to infectious diseases in children of age under five years \
Early childhood malnutrition may cause learning disabilities and poor school 
achievements, which may result into low capacity for work when adults. In sub- 
Saharan coimtries, 28% of the children of age 0 - 5  years are underweight, 38% are 
stunted and 9% are wasted Stimting which is defined as low height for age is taken 
as an indicator of chronic malnutrition whereas wasting which is low weight for 
height is a measure of acute malnutrition. The statistics of malnutrition are also high 
in Tanzania, especially among childr en of age below five years. 38% of the children 
under five are reported to be stunted, compared to neighbouring Kenya (30%) and 
Zimbabwe (26%), which indicates chronic malnutrition among this age group \  
Studies have also shown persistent iron deficiency anaemia and common stunted
growth among school childien The severity of malnutrition to these children is 
further enlianced by the prevalence of parasitic infections such as hookworms and 
malaria, which increases the morbidity and mortality rates in children.
Under nutrition among pregnant women in developing countries leads to 17% 
infants born with low birth weight, which is a risk factor for neonatal deaths as well 
as mental retardation, poor health and blindness among children \  There are 
evidences which indicate a link between maternal and childhood malnutrition with 
the development later in life o f chronic conditions. Studies done in the UK strongly 
connected low birth weight to the occuirence of coronary heart disease, hypertension 
and diabetes in the middle age
Malnutrition normally occurs when the essential elements are not sufficient to 
fulfil the need of the body to develop and function normally. This may result from 
poor access to nutritious food, a decreased bioavailability of the elements in food, 
excessive loss due to infectious diseases or a combination of these factors, hon (Fe), 
zinc (Zn) and Iodine (I) deficiencies are the most occurring nutritional deficiencies in 
the world although the tlrreat fr'om the deficiency of I has been reduced through the 
iodine fortification of table salt (lodated salt) Fe deficiency affects the physical 
work capabilities and cognitive development of children deficiency of I causes 
mental retardation and cerebral palsy whilst deficiency of Zn increases weight loss, 
growth failiue and immunity problem Deficiency of other essential elements 
although not very common can also cause poor health in children as is going to be 
discussed in Chapter 2.
The health problems related to Fe and Zn deficiencies are more pronounced in 
countries where diets are mainly cereals and low in animal proteins. The nutrition 
adequacy of dietary Fe and Zn depends on both the amount and their bioavailability 
in the diet. A major factor inhibiting the absorption of these elements in the stomach 
is phytic acid, which is a storage form of phosphorus (P) in seeds, hi plants, most of 
the P from the soil is translocated to the seeds, which is then synthesized into a 
mixture of potassium (K) and magnesium (Mg) salts of phytic acid known as 
phytate. Phytate (myo-inositol-1,2,3,4,5,6 -hexa-/«.s-phosphate), regarded as anti
nutrient compound reduces the absorption of Fe and Zn in the intestine Maize and 
rice have about 80% of their total phosphorous existing as phytic acids Therefore, 
populations which depend on maize and rice as their staple foods ai*e at risk of 
developing Zn and Fe deficiency malnutiition. Additionally, extensive prevalence of 
contagious diseases such as malaria, diarrhoea, hookwoim and schistosomiasis in 
these populations enhance the severity of malnutrition, because these diseases cause 
excessive loss of trace elements from the body.
A malnourished body usually absorbs more toxic elements than a well nourished 
one. For instance, low dietary intalce o f Fe, selenium (Se) and calcium (Ca) may lead 
to more absorption of lead (Pb) and cadmium (Cd) in gastrointestinal tmck Pb and 
Cd in the body are toxic as Pb interferes with physical and intellectual development 
of children and with utilization of essential nutrients such as Fe and vitamin A and 
Cd is carcinogenic.
Therefore, studies of nutrition should include reports on essential as well as toxic 
elements. Toxic elements refer to heavy metals as well as radioactive elements, both 
of which are detrimental to a body. Metals such as As, Cd, Hg, Pb and V are 
considered to be main environmental pollutants which are generated by human 
beings. These are introduced into the environment mainly through the rapid growth 
of industries. The growth of urbanisation will also deposit heavy metals into the 
environment through the uncontrolled disposal of domestic wastes. At the same time, 
the use of radioactive materials in modem researches, weapon testing and the 
Chernobyl nuclear accident in Ukraine has caused radionuclide contamination to the 
world environment. Natural occurring radioactive elements are also introduced into 
the environment through the burning of fossil fuels, use of phosphate fertilizers and 
the uncontrolled mining process In developing countries, rapid growth of
urbanization, the industrial sector and mining processes have minimal control. 
Wastes from domestic, industiies and mines are dumped into the environment 
without any pre-treatment hence causing a threat to the enviromnent and its 
inhabitants. In Tanzania elevated concentrations of Pb, chromium (Cr), nickel (Ni) 
and cobalt (Co), which were associated with industries and domestic sewage, have 
been reported Researches on air pollution in the cities have also shown high
concentrations of particulate Pb associated with vehicle emission Tanzania is 
also famous for mineral deposits; large and small-scale mines are scattered all over 
the country. These widespread mines have environmental impacts, among which is 
the discharging of heavy metals and radioactive materials into the enviromnent
Three practical ways are coimnonly used as nutrition intervention strategies in 
developing countries. These include diet diversification sometimes loiown as diet 
modification, food fortification and nutritional supplementation. Diet 
diversification/modification entails the promotion through education programmes of 
food consumption that is naturally rich in nutrients or enriched through fortification. 
This involves changes in food selection patterns and ti aditional methods of preparing 
and processing food.
Food fortification, on the other hand, is the addition of nutrients to staple foods. 
Nutiients aie either added in approximate amount as the natural content lost during 
processing or those nutrients that may not be present natiually in food are added to 
some amount. This process is usually imder a countiys’ national progi'animes, as 
special conditions such as adequate legislation are needed for better implementation. 
So far three countiies in Sub Saharan Africa have made food fortification as a 
mandatory law. These ai*e Nigeria, South Africa and Zambia, who fortify cereals, fats 
and oils and sugar.
The third, which is the most common nutiition intervention in developing 
countries, is the mineral and multivitamin supplementation to children and pregnant 
women. Supplementation is used to produce rapid improvement in identified 
deficiency subjects in contrast to fortification which aims to improve the nutritional 
status of a population on a long term basis. This method is reported to be very 
effective when applied to pregnant women to improve the health of a mother and the 
unborn child However, reports on the effects of this method on malnourished 
children are inconsistent. The effects of mineral supplementation on children will be 
discussed in Chapter 2.
Several United Nations Conferences on Food and Nutrition have emphasized the 
need to eliminate poverty and malnutrition among women and children They
have also placed special emphasis on improving infant and childhood nutrition, thus 
ensuring that fiiture generations are provided with the best nutritional start they 
deseiwe. Therefore, this doctoral research will support the activities of such 
organization in the nutritional study of the Tanzanian children.
Nuclear Analytical techniques such as Instrumental Neutron Activation Analysis 
(INAA) and Proton hiduced X-ray Emission (PIXE) have been in use for decades in 
the identification and monitoring of the nutrition and health The teclmiques have 
been used to measure mineral content of foods and diets as well as human tissues 
such as blood and hair and body composition in relation to the nutritional body status
Results from such measurements could provide scientific basis for food 
programmes suited to the local needs and conditions. The techniques have been 
successfully used to determine the influence of dietary trace elements to infectious 
and chronic diseases. For example, low concentrations of plasma Zn have been 
associated with prevalence of diarrhoea in childr en Because of this association
Zn supplementation has been supported by WHO to be used as a therapy to reduce 
the severity and duration of the episode of diarrhoea
1.2 Study area
Tanzania is an East African coimtry, bordering the Indian Ocean, between 
Kenya and Mozambique. It is a imion between Tanzania mainland and the islands of 
Zanzibar" (Map 1 -Appendix 1). It has a total land of about 90, 000 sq km, out of 
which 93% is dry land and 6.3% is water. Cultivated land covers approximately 
about 4.5% wliilst forest and wood land covers about 43.9% of the total land. 
According to the 2002 census, Tanzania has a population of about 36.8 million (male 
and female approximately 18 million each) from which 44% ar*e children from 0-14 
years
Tanzania has a tropical type of climate with monomial rains in the central 
plateau and the southern highlands, whilst the rest of the country receives bimodal 
rainfall. The monomial rainfall spans from October to May and the bmiodal rainfall
occurs between October to December and March to May. Tanzania is mainly 
agricultuial, which is dominated by small-scale farmers, cultivating average farm 
sizes of between 90 and 300 n f . The main products of their farming are food and 
cash crops as well as livestock, which are essentially for subsistence. The soil of 
Tanzania is mostly clay with low levels of nitrogen and phosphorous
Smweys on the food consumption in Tanzania have suggested that foods from 
maize and rice are the main staple foods. Meat, fish, milk and other high-animal 
protein foods are used only occasionally, while green leaf vegetables, peas or beans 
ai'e normally used as relish
1.3 Purpose of the research
Information on the nutritional status and pollution-exposure of individuals 
and populations is essential in order to initiate a solution for malnutrition. This 
information can verify the nature of the nutrition and pollution problems and the 
effectiveness of the specific solution or intervention. Reports in Tanzania have 
shown a substantial level of malnutrition among young children This may worsen 
if  there are additional toxic and radioactive elements in the food chain. Therefore, 
research on the essential and toxic elements and the radioactivity in staple food fr'om 
Tanzania is essential. So far, no research has been completed in food from Tanzania, 
to analyse the levels of essential, radioactive or toxic elements. Therefore, this study 
will form the beginning of a nutritional toxicology study in Tanzania; starting by 
analyzing the two most common staple foods (rice and maize flour) consumed by 
children. Simultaneously, the study analysed hair samples from childr*en, which will 
also provide information on the levels of essential and toxic elements in their bodies.
Hence, this study is aimed in evaluating the levels of essential elements in the 
two staple foods consumed by childr en in Tanzania as a possible selection criterion 
for high nutrient food and combat malnutrition. The information on food 
composition is also important to nutritionists and health workers who could use the 
data in planning and implementing the food and nutrition prograrmnes as well as for 
consumer information development, food trade and export. The study will also 
evaluate the grain contents of Fe and Zn in the two staple foods relative to the phytic
acid contents in assessing the bioavailability of these elements in the staple foods 
with the aim of identifying maize and rice varieties with low concentrations of phytic 
acid.
The study is aimed in determining the levels of elements in hair of the 
children in Tanzania as a bio-indicator of their nutiition and health. The influence of 
diets, geogiaphic locations, gender and age on the trace elements in hair will be 
demonstrated and discussed.
The work aimed also in determining the specific activities of radioactive 
elements (uranium and its daughters) in rice and maize flour from Tanzania using 
low-level gamma spectrometry in order to establish a baseline of natural 
radionuclides occurring in locally produced staple foods for children in Tanzania. 
The dose rate for children from specific activities in the samples that will contribute 
towards the Tanzanian natiual radiation database currently being created by the 
Tanzania Atomic Energy Agency will also be calculated.
CHAPTER TWO
2.0 Trace elements in human nutrition and health
Trace elements in certain amounts are considered essential for human nutrition and 
health. Children require more of the essential elements than adults especially during 
the rapid growth in infancy and during puberty. Essential elements in the body make 
the in-built part of the enzyme structure that controls the physiochemical and 
biochemical processes of the organism, including the body innnune response. They 
are also used as activator agents for the biochemical functions of the enzymes and 
hormones. Deficiency of the elements can result into malnutrition which is 
accompanied with increased rate of infections, morbidity and mortality among 
children. Seven most principal essential elements are going to be discussed in 
relation to their nutritional bioavailability and their importance to health of children.
2.1 Iron
Deficiency of Fe is the most widespread mulnutiitional disorder in the world. 
It affects quite a number o f children and pregnant women in both developing and 
developed countries. Nearly half of the pregnant women in the world are estimated to 
be anaemic, 52% in developing countries and 23% in developed countiies. There are 
also data showing that almost all pre-school children in the developing countries 
have Fe deficiency anaemia
Fe is necessary for production and functions of red blood cells and iron- 
containing enzymes. It is an essential part of haemoglobin (Hb), myoglobin and 
respiratory chain proteins, which are involved in the cellular respiration in 
mitochondria, catalysing and participating in body energy production. As a result, Fe 
deficiency reduces a person’s energetic efficiency and physical work capabilities 
Childi'en with iron deficiency feel tired all the time, aie less active, less attentive, less 
responsive and react poorly with their environment
Fe is also important in the metabolism of thyroid homiones. Deficiency of Fe 
is associated with lower plasma concentrations of thyroid hoiinone resulting into 
poor thermoregulatory performance of the hormones This phenomenon might be a
reason as to why poorly nourished people feel cold and uncomfortable at 
temperatures in which well-nourished people feel at ease.
Fe is essential for the normal structure and function of the central nervous 
system. Its deficiency affects the biochemistry of brain and the production and 
function of neurotransmitters Because o f that, deficiency of Fe is said to cause 
reduced intellectual and cognitive capabilities of children. Results of several 
longitudinal studies have indicated association between Fe deficiency anaemia and 
poor cognitive and school achievements Furthennore, these studies
consistently reported that early childhood anaemia could also result into poor 
cognitive and achievement in the middle childhood. That is, children who were 
anaemic in early childhood continue to be less intelligent in middle childhood.
The importance of Fe deficiency in children’s infectious morbidity is a 
controversial subject, because Fe supplementantation is shown to be bénéficient to 
have no effect or to increase the infectious morbidity in children. However, 
there are a number of limitations following studies in this field, because the rate of 
infectious morbidity is dependant, as well, on other factors such as poverty, adverse 
socioeconomic background, lack of education and other nutritional deficiency
Several researchers have carried out studies to find the relation between Fe 
deficiency and immime response. These include research on phagocytosis, cell- 
mediated immunity and humoral immunity response. Phagocytosis is a cellular 
process of ingesting and killing bacteria or fungi (microrganisrn) to fight infenction. 
This process is mainly performed by the neutrophils which ar'e the most abrmdant 
white blood cells. Normally, phagocytosis is accompanied by a sudden increase in 
oxygen consumption referred as the oxidative bur'st, which is essential for the killing 
of many types of bacteria. On the other hand, the cell-mediated immunity is the 
irnmrme response that depends on the function of thymus-derived lymphocytes (T 
cells) in blood and lymphoid tissues, whilst the humoral immmiity response depends 
on the function of antibodies produced by the B-cells.
Most of the reported research on humoral immunity system showed no 
relation with Fe deficiency in humans On the other hand, the effect of Fe 
deficiency on cell mediated immunity has been reported in a number of studies 
For example, the number of T cells, which is an indicator of cell-mediated 
immunity is reported to be depressed in iron deficient people Fe is a cofactor of 
enzyme myeloperoxidase mostly found in neutrophils that participate in 
phygocytocis. Deficency of Fe has been reported to impair the function of this 
enzyme, which in tmn reduces the ability of neutrophills to Idll bacteria 
Moreover, several results have shown a deficit in the bactericidal capacity in iron 
deficient humans Due to the relationship between Fe and immunity responses, Fe 
supplementation in humans has been shown to improve the body’s ability to fight 
infections. Weijmer et al. (1990) reported recovery in 15 out of 16 non anaemic Fe 
deficient patients having recurrent skin disease {staphylococcal furunculosis) after 
administration of iron sulphate for 3 -  4 weeks. De Silva et al. (2003) reported a 
significant improvement on Fe status and a reduction in morbidity in children with or 
without upper respiratory tract infections in Colombo, Sri Lanlca.
hi contrast, Fe supplementation in developing countries is found to increase 
the adverse effects and deaths due to malaria and other commmiicable diseases 
Reports on the adverse effects of Fe supplementation in humans have been 
published as eaiiy as in the 70’s. Masawe et al. (1974) reported more malarial 
attacks after iron therapy was given to Fe deficient patients compared to controls, hi 
a research study involving Somali nomads, Mun-ay et al. (1978) reported an 
increase in the rate of malaria, brucellosis and tuberculosis after oral Fe 
supplementation for 30 days. Smith et al. (1989) showed a significant 
improvement in haemoglobin in the group of children of age between 6 months and 5 
years given Fe, however, this gioup had more frequent occurrence of fever 
associated witli malaria parasitemia than the placebo group. Gera and Sachdev 
(2 0 0 2 ) in a systematic review of randomised controlled trials calculated 11% 
significant higher risk of developing diarrhoea in Fe supplemented children than the 
controls. Oppenheimer (2001) in a similar review concluded that Fe 
supplementation increases episodes o f clinical malaria in 6 of 7 studies, respiratory 
infections in 2 of 5 studies and dianftoea in 1 of 5 trials. The most recent large
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randomized, placebo controlled trial on the effect of Fe supplements on the morbidity 
and hospitalisation was conducted by Sazawal et al. (2006) involving 25,524 
children aged 1-35 month living in Pemba, Zanzibai*. The Fe supplement group were 
given oral Fe (12.5 mg) and folic acid (50pg) while children of age <12 month were 
given half of the dose. It was found that the supplemented group were 12% more 
likely to die or need treatment in hospital for adverse effects of malaria, diaiThoea, 
sepsis, measles and pneumonia. 11% more likely to be admitted in hospitals and 
there were 15% more deaths in both groups Richard and her co-workers (2006) 
earned a randomized, placebo-controlled trial to identify the effect of daily 
supplementation with Fe, Zn, and Fe with Zn on the morbidity experience of 855 
children 0.5 — 15 years o f age in Peru. In children of age >5years Fe increased 
morbidity due to malaria and dian'hoea, Fe combined with Zn provided protection 
against malaria to younger children (<5 years) but interfered with some of the 
diarrhoea protection provided by Zn
The adverse effects of Fe supplementation on children could be explained by 
the fact that excess Fe is toxic and has been reported to inhibit the absorption of Zn 
Solomon et al. (1981) reported that a ratio of inorganic Fe/Zn of 1:1 slightly 
reduced the absoi*ption o f Zn while an increased ratio of 2:1 and 2.5:1 considerably 
inhibits the Zn uptake. Several studies reported later, supported this hypothesis by 
demonstiating the adverse effect of Fe on Zn absorption to pregnant women. In two 
studies O’Brien et al. (1999, 2000) revealed significantly lower Zn absorption 
than control when Fe supplements were given to Peruvian pregnant women. From 
these obseiwations, O’Brien and co workers proposed that the high competition 
between Fe and Zn during pregnancy is due to the increased requirements for both Fe 
and Zn The same argument may apply to children, as Fe and Zn are also needed 
by childr en to support Üieir high rate of growth. Decreased levels of plasma Zn have 
been reported when infant mille formula was fortified with 40 mg /100' g Fe 
compared with those given formula with 8,3 mg/100 g Fe Rosado et al. (1997) 
supplemented pre-school children in Mexico with 20 mg of Zn without Fe and 20 mg 
of Zn with 20 mg of Fe for one year. Zn levels were observed to be less in the group 
receiving Fe than the group receiving Zn without Fe. Lind et al. (2004) found out 
that single supplementation with Zn significantly improved growth of Indonesian
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infants, single supplementation with Fe improved their growth and psychomotor 
development but combined supplementation with Fe and Zn had no effect on growth 
development. Since Zn is essential for the normal functions of body immunity, and 
its deficiency has been particular ly associated with the development o f diarrhoea and 
respiratory morbidity in children then the outcome of these diseases during Fe 
supplementation might be due to Zn mal-absorption caused by excess of Fe.
Furthermore, Fe is essential for the growth and multiplication of the 
infectious agents. Pathogens require adequate quantities of Fe to achieve their full 
pontential for growth and multiplication Bacteria such as Escherichia coli 
(causing urinary tract, meningetis and pnemonia), Myobactreia sp (causing TB), 
Shigella (dysentry) and Stapholococcus (skin infections) as well as fungi and 
protozoa {Candina, Plasmodium and Trichophyton) camiot survive in a host body 
without a specific amount of fr ee Fe
In order to reduce the multiplication of pathogens, the availablity of Fe 
needed by the pathogens is held by the host body through two major processes. In the 
first process, serum Fe is converted in tissue storage forms, thus decreasing its 
availability from the body fluid. The second process is by increasing the synthesis of 
host Fe-binding proteins and positioning them in the infected area. These proteins 
(transferins and lactoferins), which have a high affinity for Fe, function by 
witholding Fe from microorganisms hr normal circumstarrces transfenin is <35% 
saturated and for infection to occur this protein has to be nearly saturated This 
defence mechanism also lorown as “nutritional immimity” protects the body firom 
infectious disease by withdrawing Fe fi-om the invading agents. Hence, the deficit of 
Fe in a body inhibits pathogen growth and survival, making the body defence against 
certain pathogens better with Fe deficiency than its repletion. Observation 
concerning this prediction have been extensively documented. Masawe et al. (1974) 
in the report noted earlier, formd fewer bacterial infections in patients admitted 
with simple Fe deficiency anaemia than controls. Mmray et al. (1978) observed as 
well that the Somali nomads had no infections if  they were Fe deficient in contr ast to 
a high rate of infection in those with normal Fe status. Oppenheimer (2001)
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reported that infants with low haemoglobin values at birth were less likely to have 
malaria and less likely to be admitted to hospital during first year of their life.
Since Fe supplementation has been shown to enhance tire effects of certain 
infectious diseases, the efforts to reduce the deficiency of Fe in developing countries 
should go hand in hand with the reduction of prevalency of infectious diseases. 
WHO (2004) have suggessted that Fe supplementation in malarious countries 
should be given with precautions and when necessary be given to those with severe 
malnutrition only after the acute problems related to infection have been effectively 
treated, and growth has resumed.
2.2 Iodine
Iodine is essential for the formation of thyroid hormones namely thyroxine 
(T4) and triidothyronine (T3). These hormones are very crucial as they influence 
and control many activities within the body. The thyroid hoimones increase body 
metabolic rate, stimulate protein synthesis and the activities o f mitochondria in 
regulating body temperature and energy (thennoregulation) They promote nomial 
body growth and skeleton matui'ation with age as well as function and development 
of muscles. They also promote female reproductive abilities and lactation. Children 
with iodine deficiency may suffer from stunted growth, problems in movement as 
well as speech and hearing In a double-blind randomized controlled tiial, iodine 
supplementation was found to improve the growth of iodine deficient childi'en
Maternal iodine deficiency may result into irreversible brain damage to the 
developing foetus It causes mental retaliation and cerebral palsy impairs brain 
growth and maturation resulting into cretinism, an irreversible form of severely 
stunted physical and mental growth, among children Pharoah (1993) ^  reported 
five trials on iodine supplementation in pregnant women. The results fi*om these 
trials revealed that iodine supplementation could prevent cretinism, only when it was 
given before pregnancy. Furtheimore, follow-up of the children at different ages 
indicated that children from supplemented mothers could perform better than 
children fi'om unsupplemented mothers For that reason, iodine deficiency is 
considered as the highest cause of preventable brain damage and mental retardation
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because the occurrence of many disorders associated with iodine deficiency could 
be prevented with iodine supplementation beforehand^'’^.
Deficiency of iodine in children is reported to impair the cognitive domain 
and result in learning disability and poor achievement in schools The results from 
several researches using infants (7 month) in China grade 1 and 2 school children 
in Bangladesh and children of age 8-18 years in India (the subjects living in 
iodine deficiency area), found a negative relationship between deficiency of iodine 
and cognitive and learning chievements. At the same time, Hetzel (2003) reported 
a difference of 13.5 IQ points between children with iodine deficiency and non 
iodine deficiency children.
Deficiency of iodine causes also endemic goiti'e characterised by a swollen 
thyroid gland Iodine supplementation to goitorous children in Ivory Cost was 
found to be effective in reducing the size of the thyroid, although iron deficient 
anaemia in children may limit the effectiveness of the process The same 
obseiwations were found in iodine supplementation in Zimbabwe where the mean 
standardized thyroid volume declined significantly in children receiving iodine 
supplements
2.3 Zinc
Zinc is the most important ti*ace element in humans since it is essential to the 
stmcture and function of a large number of macromolecules. Zn is an integral part of 
several enzyme protein molecules (métallo enzymes) thus participate in all major 
biochemical pathways, contributing to over 300 enzymic reactions, in hormones as 
well as polynucleotides Zn plays a key role in protein synthesis and
carbohydrate and fats metabohsm and in the maintenance of cell membrane 
stmctui*e and functions
Zn indirectly protects tissues and cells from being damaged by free radicals 
(antioxidant property). This element is crucial element in the production of 
metallothioneins (MTs) that, due to their high contents of cysteine, are fi'ee radical 
scavengers Several research reviewed by Cherian et al. (2003) indicated
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association of MTs with protection against DNA damage, oxidative sti'ess and 
apoptosis.
Zn prevents Fe and Cii ions to initiate the lipid peroxidation on cells. This is 
because, Zn in the state of Zn^^ has no unpaired electrons which could allow it to 
participate in redox reactions. On the other hand, Fe^^ and Cu^ due to their redox
properties, play a big role in the initiation and propagation of lipid peroxidation.
Lipid peroxidation is a process whereby a free radical such as HO’ removes 
electrons from the lipids in cell membranes. The HO' radical is formed when a 
single electron is tiansferred to hydrogen peroxide (H2O2).
e + H2O2 ---------------- HO’ +  OH"
Since Fe^ "^  and Cu^ have multiple oxidation states, they can easily donate the 
required electron to oxidise H2O2.
Fe^" + H2O2 --------------- HO’ +  OH" + Fe^^
Cu^ + H2O2 -HO’ +  OH" + Cu^+
Thus, by competing for binding sites with Fe and Cu, Zn antagonises their 
abilities to promote formation of HO’ from H2O2.
Zn is also a cofactor of an enzyme Cu/Zn superoxide dismutase, (Cu/Zn 
SOD). This enzyme catalyses the disproportionation of reactive oxygen superoxide 
(O2") into less active oxygen (O2) and hydrogen peroxide (H2O2) Therefore, the 
deficiency of Zn reduces the activities of MTs and Cu/ZnSOD hence, increasing the 
levels of lipid peroxidation in mitochondiia and microsomal membranes which 
might damage the cells and result into the development of chronic diseases such as 
cancer. Several studies have associated the deficiency of Zn with progression of 
cancer. Huang et al. (2006) found less concentrations of Zn in prostate cancer 
cells, Abnet (2005) strongly associated high tissue Zn concentrations with a
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reduced risk of developing aesophagal squamous cancer and increased tumour size 
in head and neck cancer patients was found in Zn deficient people
There is solid evidence which show the role of Zn in cell-mediated and 
humoral immunity. Zn has been shown to be crucial for normal development and 
work of neutrophils, natural killer (NK) cells and T-cells Oral Zn
supplementation was found to increase the number of T cells and NK cells in 
supplemented elders compared to placebo Zn is also essential for thymic 
functions through a Zn dependent hoimone called thymulin, wliich is vital for the 
maturation of T cells Zn is also important in the gi'owth and functions of B cells 
Its deficiency blocks the development of B cells in the marrow hence, reducing 
their number in the spleen Zn deficiency is also reported to induce B cell
apoptosis Shankar and Prasad (1998) in their review on Zn and immune 
function reported evidences on the inhibition of B cell by Zn deficiency.
Due to its roles in the immunity system, Zn deficiency normally causes a 
body to be more susceptible to diseases from viral, bacterial and fungal infections 
Various diseases associated with impaired immune response are characterised by 
low plasma Zn or noticeable Zn deficiency For instance, low concentrations of 
Zn that correlate with reduced host defence and higher rates of morbidity are 
common in HIV-1 infected people hi research involving Indian children, Bahl et 
al. (2002) found more episodes o f diarrhoea and severe dianiioea in children with 
low plasma Zn than normal children. The mean prevalence of diarrhoea with fever 
and acute lower respiratory tract infection were 4 times and 3.5 times respectively 
higher in the Zn deficient group than the normal group.
Several results have shown benefit of Zn supplementation to infectious 
diseases in humans. Rahman et al. (2005) observed that Zn supplementation 
during acute dysentery improved antibody responses and increased the proportions 
o f circulating B cells. Muller (2001) reported reduced child morbidity associated 
with diarrhoea when Zn supplements were administered to West Afiican childi'en. In 
another study by Bhandari et al. (2002) Zn supplementation was found to reduce 
the incidence of severe and prolonged dian'hoea in children of age 6-30 month in
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North India, hi a review by Black (2003) 11 out of 12 trials supported the
reduction of rate of diarrhoea, 5 studies showed decline of incidence of pneumonia 
in supplemented children and 2 studies revealed lessening in rate of malaria by Zn 
supplementation. The most recent studies that support the effect of Zn 
supplementation on the rate of malaria, diarrhoea and pneumonia in childr en, have 
been published in 2006 WHO and UNICEF (2004) in a joint statement 
proposed the use of Zn supplementation as a therapy to reduce the severity and 
duration of the episode of diarrhoea.
Zn is reported to be important in the stmcture and functions of the growth 
hormone (GH) Circulating and serum Insulin-like growth honnone factor-I (IGF- 
I), which is the mediator of the growth promoting action of GH, was also found to 
be lower in Zn deficient humans than controls For that reason, deficiency of Zn is 
normally associated with decreased growth (stunting) in children and dwarfisms 
when the deficiency is severe. A total of 33 studies reviewed by Brown et al, (2002) 
revealed a positive highly significant increase in height and body weight when Zn 
supplements were administered for a period of >8 weeks to children of age <12 
years.
Deficiency of Zn promotes also a decrease in appetite and food iritalce in 
animals including humans Xue-Cun et al. (1985) reported improvement in 
appetite o f the Zn deficient Chinese children supplemented with 1-2 mg of Zn. This 
observation in animals is also reported by Sun et al. (2006) who noticed a 
significant decreased food intake and body weight on rats fed with Zn deficient diets 
for 6 weeks. Therefore, due to the loss of appetite and decreased food intake, the 
deficiency of Zn may result into deficits of other nutrients. For instance, Zn 
deficiency has been linlced with protein-energy and vitamin A malnutrition, both of 
which may result as well into growth retardation in children
2.4 Selenium
Selenium is another essential trace element because of its role in several 
biological functions in the body, most important is its function as an antioxidant. Se 
forms selenocysteine, a co-factor of the enzyme glutathione peroxidose (GSH-Px),
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which protects cell membranes fi'om damage caused by the peroxidation of lipids, 
thereby decreasing the risk of cancer and disease of the heart and blood vessels 
Recently, Reddy et al. (2003) observed lower levels of Se in tissue of kidney 
affected by cancer compared to tissues in the normal kidney. Reported results have 
associated levels of blood Se with the decreased risk of prostate cancer A big 
research project involving 1763 subjects with the aim of finding a relation between 
blood Se with colorectal adenoma was conducted by Jacob and colleagues (2004)
The study realised that the individuals with blood Se in the highest quartile had 
statistical significantly lower chances of developing a new adenoma compared to 
those in the lowest quartile Similar results were reported by Last et al. (2006) 
and Connelly-Frost et al. (2006) who both associated high blood Se with 
reduced prevalence of colorectal adenomas.
To study the association between selenium status and the risk of myocardial 
infarction, Kok et al. (1989) compared plasma, erythrocyte, and toenail selenium 
levels of 84 patients with acute myocardial infai'ction with 84 controls. Mean 
concentrations of all selenium measurements were lower in subjects with the disease 
than controls. Eleven out of 14 cohort studies and 9 out of 11 case-control studies 
reviewed by Flores-Mateo et al. (2006) found an inverse association of Se with 
the risk of coronary heart disease, hr these observational studies a 50% increase in 
Se concentrations was associated with a 24% reduced risk of coronary heart disease.
Se is important in the reproduction of animals and humans and has been 
associated with male and female fertility, hr males, Se is found in the two 
selenoproteins established in mammalian testes and epididymal spermatozoa The 
two selenoproteins are phospholipid hydroperoxide glutathione peroxidase (PHGPx) 
and sperm nuclei glutathione peroxdase (snGPx) are crucial in sperm physiology. 
Significant lower concentrations of PHGPx, associated with lower sperm counts and 
mobility, were observed in infertile males compared to the control The function 
of snGPx enzyme in male fertility has been associated with its role in chromatin 
condensation and protection of sperm DNA against oxidative damage Several 
animal and human studies have related female miscarriages with the deficiency of Se 
\  Barrington et al. (1996) formd significantly lower senirn Se in women who
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had either first-trimester or recuiTent miscarriage which they suggested to be due to 
reduced antioxidant protection of cell membranes and DNA caused by low 
concentrations of Se dependent enzyme GPx.
Se is also found in the selenoprotein 1 5 ’-deiodinase (5 ’DI) which is essential 
for metabolism of the thyroid gland The iodothyronine deiodinase enzyme,
which helps to convert T4 to T3 is selenoprotein Se supplementation of adult 
humans decreased plasma thyroxine (T4) concentrations by increasing the deiodinase 
activity to convert T4 to T3 Results from a study by Beckett et al. (1993) 
suggested that Se deficiency increases the hypothyrodism resulted from the 
deficiency of iodine. Endemic goitre is common in Se deficiency subjects (Keshan 
disease subjects) and Se deficiency in parallel with fire deficiency of iodine is also 
reported to result into goitre in Sri Lanka and cretinism in Zaire
Deficiency of Se is reported to cause Keshan and Kaschin-Beck disease in 
children and young women. Keshan disease is an endemic cardiomyopathy disease 
and Kaschin-Beck is a chronic and defoiming artliritis These diseases are
mostly found in China in the regions where Se concentration in the soil is reported to 
be low Lower concentrations of Se in blood, hair and other tissues of subjects 
with Keshan disease and Kaschin-Beck’s disease as compared to noimal people have 
been reported Se supplementation has reported to prevent the development of 
Keshan and Kaschin-Beck’s disease to childi'en and young women
Results fi'om several studies have proposed that deficiency of Se may 
introduce a loss of immunocompetence in humans via impainnent o f cell-mediated 
and humoral immunity Se deficiency impairs the functions of T and B cells
and it reduces the number of antibodies in the body Hypothyrodism, which could 
be resulted by the deficiency of Se, has adverse effect on the ability of neutropliils to 
fight with foreign organisms Supplementation of Se in humans is observed to 
stimulate the immunity responses even to the Se replete individuals Moreover, 
studies by Beck et al. (2000, 03) revealed that vimses which are haimless to a 
Se sufficient person can become pathogenically active to Se deficient people. In a 
review by Rayman (2000) Se is shown to be crucial nutrient for HIV infected
humans including children. Rayman discussed that more than 20 papers have
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demonstrated a decline in plasma Se together with the loss of CD4 T cells in HIV 
infected people
2,5 Copper
In humans Cu is necessary for the development of connective tissue, neive 
coverings and bone. Cu (together with Fe) is an active centre of cytochrome-c- 
oxidase, which catalyses the mitochondiial respiratory activities Hence its deficit 
can result in impaired energy production in the same way as Fe deficiency. There is 
always a close relationship between dietary Cu and the status of Fe in the body. 
Deficiency of Cu has been reported to result into Fe deficiency anaemia 
Several cuproenzymes are used in the metabolism of Fe; for instance, enzyme 
ceruloplasmin, which acts as ferroxidase to oxidise Fe^ "^  during cellular export 
process, needs Cu for its flmctions. Therefore deficiency of Cu impairs the 
mobilization of Fe to ti'ansferrin and results into anaemia
Several studies have related Cu with human body immunity The 
deficiency of Cu in animals has been associated with decreased production of 
antibodies and impaired functions of T and B cells Results demonstrated that
animals fed with low-Cu diet had impaired neutrophil function, increased 
susceptibility to bacterial infections decreased resistance to tumour challenge and 
reduced humoral and cell-mediated immunity In humans, infants with Menken’s 
disease (a genetically Cu deficiency disorder) have high morbidity rate due to 
pulmonary and urinary tract infections Heresi et al. (1985) reported a 
significant improvement on the phagocytic index when Cu supplements were given 
to marasmic children. The deficiency of Cu was found to alter the structure of 
immune cell membranes and the activity of enzymes wliich mediate antioxidant 
defence, ATP production and mitosis In another research involving human cell 
cultui’e Cu deficiency was demonstrated to suppress the respiratory burst, 
bactericidal activity and secretion of inflammatory mediators
Cu, similar to Zn, shows indirect antioxidant properties tlu'ough its catalytic 
role in enzymes Cu-containing MTs (Cu-thioneins), Cu/Zn SOD and ceruloplasmin 
The functions of MTs and Cu/Zn SOD as antioxidants have been explained
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eaiiier. On the other hand, ceruloplasmin is a Cu containing plasma feiTOxidase, 
which participates in the oxidation of Fe^^ to Fe^ "*" prior to binding of Fe to 
transfeiiing (Fe plasma canier) and be transported to red blood cells. In the deficit 
of Cu, the amounts of ceruloplasmin in the plasma and tissues are reduced resulting 
into the accumulation of Fe in tissues Excess of Fe is toxic and may initiate the 
process of lipid peroxidation and thus damage the cells.
Deficiency of Cu has been linlced with the development and progression of 
diabetes Cu is reported to participate in glucose metabolism as well as in 
stimulating insulin binding hence the development of diabetes might be due to the 
impairment of glucose metabolism caused by the deficiency of Cu. Deficiency of Cu 
has also been associated with cardiac dysfunctions In a study by Reiser et al. 
(1985) 4 out o f 23 male subjects were found to have heart related abnormalities
after 11 weeks of having Cu deficient diets.
Severe deficiency of Cu is not a public problem, yet when it occurs it leads 
to anaemia, neutropenia and inclusive osteoporosis in childi'en
2.6 Manganese
Mn is also important as activator o f several enzymes as well as a cofactor of 
some metallo-enzymes involved in antioxidant defence mechanisms It is 
involved in the metabolism of protein, lipid and caibohydiate and serves as a 
cofactor for enzymes such as decarboxylase, hydrolase and kinase The most 
important metalloenzyme of Mn is the Mn superoxide dismutase (Mn SOD) which 
functions in the same way as the Cu/Zn SOD, mentioned earlier except this enzyme 
functions in the mitochondria part of a cell These two enzymes form the major 
superoxide scavenging system in the mitochondiion, nucleus, cytoplasm and 
extracelluai* spaces. There are also some reports on the specific association of 
deficiency of Mn with cancer. Reddy et al. (2003) found lower concentrations of 
Mn in the tissue of carcinoma of stomach. According to them, this observation is in 
accordance with the previous studies, which reported two experimental cancers that 
were cured or markedly inhibited by Mn-maleate.
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Mn is also essential in the function and development of the brain. It is a 
cofactor of enzyme glutamine synthetase in the brain, responsible for the degree and 
balance of excitation inhibition critical in the development of seiziue Thus the 
deficiency of Mn is associated with the convulsive disorder. This hypothesis is 
supported by the fact that blood Mn concentration has been found to be lower in 
epileptic patients than of normal people Pyruvate carboxilase is another Mn 
metallo-protein involved in the glucose metabolism in the brain. Thus decreased 
levels of Mn in the brain might impair its glucose tolerance
Bones cany higher concentrations of Mn than other organs and its levels vary 
up and down depending on the Mn intake of the organism. Deficiency of manganese 
in the body causes growth retardation, congenital malformations and abnormal 
function of bone and caifilage
The deficiency of Mn is not a big public problem. This might be because the 
action of Mn in a body is not Mn-specific, that is, Mn^^ can easily be replaced by 
Mg^^ in several enzymatic properties
2,7 Chromium
Chromium is also an essential nutrient that is required for sugar and fat 
metabolism^^^. There ai*e several results, which revealed reduction in total cholesterol 
and triglycerides in humans following Cr supplementation Cr is a constituent
of glucose tolerance factor (GTF), which potentiates the functions of insulin to 
regulate plasma glucose It is demonstrated to enliance insulin binding and insulin 
receptor number and also observed to inliibit phosphotyrosine phosphatase, the 
enzyme that detaches phosphate from insulin receptor resulting to insulin 
insensitivity Due to its role in the action of insulin, deficiency of Cr is associated 
with the development of diabetes mellitus cardiovascular diseases and 
atherosclerosis in humans Significant lower Cr levels were found in plasma of 
diabetic individuals as compai'ed to the controls The levels were also lower in 
toenails of people with cardiovascular disease associated with type 2 diabetic 
compared to the normal subjects Normally, the diabetics have altered Cr
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metabolism compai'ed with non-diabetic subjects; they absorb more Cr than noimal 
and the excretion is higher
Deficiency of Cr has also been reported in protein-energy malnutrition (PEM) 
syndrome of infancy. Hopkins et al. (1968) showed the contribution of Cr 
deficiency in the development of disorders of carbohydrate metabolism encountered 
in Kwashiorkor and Marasmic children m Nigeria and Jordan. In another trial by 
Gurson and his collègue 9 out of 14 Marasmic infants responded to Cr 
supplementation with the improvement in glucose removal rate. Low glucose 
removal rate is one of the disorders of the carbohydrate metabolism in PEM children.
2.8 Bioavailability of the essential elements
Bioavailability of an element reflects a fraction of the total amount of the 
ingested element that exists in the absorbable foiin for storage or physiological use. 
There are several factors, which influence the absorption of elements in the gastro 
intestinal area. These include:-
Quantity and chemical form of the element in the diet
The absoiption of nutrients is a function of elemental type; with some 
elements absorbed more than others. Elements Ca, Cu, Se and I are comparatively 
well absorbed with the reported fractional absoiption of 30% for Ca to approximately 
100% for I 146. The influence o f dietary factors on the absorption of Se and I are 
minor. On the other hand, elements Fe, Zn, Mn and Cr are normally absorbed less, 
with the absoiption greatly influenced by other dietary factors. The mean values for 
absorption of Zn are 10 — 50% and for Fe <1 — 30% whilst the fractional absorption 
of Mn and Cr are less than 5%
Quantity and quality of protein in the diet
The quantity and quality of the dietary protein have been reported to 
influence the bioavailabilty of elements For example diets with high animal and 
fish proteins enhance the bioavailabilty of Fe, Mn, Cu and Zn, probably due to the 
formation of soluble complexes with amino acid, whilst Soybean protein is shown to
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have inhibitory effects on nonlieme Fe absorption that is not dependent on the 
phytate effect 4^%.
Elemental interaction
Chemically similar elements may share the same absoiption pathways, hence 
ingestion of two or more elements may result into competition for uptake into the 
mucosal cell 4^^ . The competition may be due to their similarities in their electronic 
stmctures and ionic sizes which allow them to form similar coordination complexes 
with tiansport molecules on the border membrane. Moreover, when two chemically- 
similai* ions are present in the intestinal lumen the one in higher concentrations will 
tend to exclude the other with minority representation. For instance, the deficiency of 
Cu has been reported to impair the body absorption of iron High intalce of Co, Cd 
and Mn also interfere with the absorption of Fe due to their competition for binding 
sites in the carrier proteins  ^^  \
Promoters
These aie molecular species that form soluble salts with the elements. The 
salts are then either absorbed intact, cleaved to release the element in a soluble form 
or may transfer the element to a mucosal or serosal acceptor. Different molecules 
promote different elements as is going to be discussed later.
Inhibitors
Plant constituents such as phytate, tannin and polyphenols are examples of 
dietary elemental inhibitors. These are molecules that may form complex salts with 
elements tliat are either insoluble, which could not be absorbed intact, could not be 
cleaved or prevent the transfer of the element to the acceptor site.
Age
The absorption of elements depends also on the body requirements of the 
nutrient. As nutrients are required more by childi'en than adults to support their 
growth and development, the absoiption is also higher for children than adults. The 
rate of absorption of many elements is sharp during child weaning period from 6 
month to 2 years and during adolescence, where the linear growth o f the children is
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high. Hallberg and co-worker reported a higher absorption of Fe on children of 
age 6 - 2 4  month and adolescence boys and girls compared to grown ups. hi a large 
cross-sectional tiial Bromier and co-worker (1998) revealed that Ca absoiption, 
bone Ca deposition and bone Ca removal all peaked at or near menarche.
Nutritional status of a person
Body nutritional status is reported to influence the nutrient bioavailability. 
For instance, a body with lower Fe stores absorbs more Fe than a body with 
sufficient stores of Fe
Infectious diseases
Infectious diseases such as malaria and hookworm cause excessive loss of 
elements fi-om the body thus obstructing them fi'om being utilised by the host. 
Research caii-ied out by Stoltzfus et al. (1997)  ^ reported the association of Fe 
deficient anaemia with hookworm, malaria and schistomiasis infections; the 
association with the hookworms was the sti'ongest of the thi-ee diseases. Hookworms 
live in the small intestine and depend on the host’s nutrients for their growth and 
survival. Moreover, by attaching themselves into the line of the intestine, hookwonns 
damage the intestinal mucosa thus impairing the absorption and excretion of 
elements.
2,8.1 Bioavailabilty of Iron
Fe is poorly absorbed fi-om most diets, with better absorption fiom food of 
animal origin (including fish) than plants. The absorption of Fe is normally higher in 
children than adults
The absorption of Fe depends also on the body Fe status; the absorption 
generally declines when Fe stores are adequate, and increases when Fe stores become 
depleted For that reason, iron is absorbed more by Fe deficient people than the Fe 
sufficient people. In a study reported by Hunt (2003) women with low 
concentiations of ferratin absorbed more dietary Fe (30 -  35%) than women with 
high Fe store who absorbed only 3% of Fe from the same type of diet. Similar results 
were reported by Hellberg and co worker (2002) who observed less absoiption of
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Fe t o  s u b j e c t s  w i t h  h i g h  c o n c e n t r a t io n s  o f  s e i m n  fe iT a t in  c o m p a r e d  t o  t h o s e  w i t h  l o w  
l e v e l s  o f  s t o r a g e  Fe.
In foods, Fe exists as eitlier heme or nonlieme Fe. The heme Fe is the foiin 
that occurs in haemoglobin and myoglobin of meat whilst nonheme is Fe in the 
foim of fenic compounds (Fe^ "*") About 30-70% of Fe in meat, fish and poultiy 
are heme Fe, while all Fe occurring in plant food is in the nonheme form Unlike 
nonheme, heme Fe is relatively highly available and its absoiption is less influenced 
by the physiological and dietary factors ^^ 6. pbe bioavalability of heme Fe ranges 
fiom 15 -  35% compared to nonheme Fe which may range from 2 -  20% Heme 
and nonheme Fe are absorbed through different pathways. Heme Fe is absorbed 
directly into the mucosal cells o f the mtestine, without the necessity of being released 
from its bound form whilst nonheme Fe is absorbed in an ionic forni via canier 
tiansport process When present in soluble forms, both Fe^^ and Fe^ "^  are absorbed 
equally however, ferric salts (Fe^”^) can easily hydrolyse and precipitate as Fe(OH)s 
whereas ferrous salts (Fe^^) aie less likely to hydrolyse under the conditions of the 
intestinal fract (pH > 3), For that reason, Fe^^ are normally more available for 
absorption than Fe^^ complexes, therefore the reduction of nonlieme Fe^^ to Fe^ "^  
prior to the absorption is important After saying that, it is obvious that dietary 
factors, which could promote the reduction of Fe^ "^  to Fe^ "^ , may enhance the 
absorption of the nonheme Fein  the body.
The influence of dietary meat to the absorption of nonlieme Fe has been 
reported in several studies. Zhang et al. (1990) suggested that meat stimulates the 
secretion of gastric acid which in turn promotes the solubility of Fe and makes it 
more available for absoiption at noimal pH. The relation between gastric acid and 
absoiption of nonheme Fe has also been reported elsewhere The absorption of 
nonheme Fe is additionally enhanced by its chelation with amino acids, polypeptides, 
proteins or other factors from the meat that could fonn soluble complex salts with the 
metal as well as promoting the reduction of Fe^ '*’ to Fe^ "^  ions that are more available 
for absorption
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Ascorbic acid (vitaminC), even in its natural fonn in ûnits and vegetables is 
known to be a good enliancer of Fe absoiption influence of ascorbic acid
on the absorption of Fe is associated with its ability to reduce Fe^ "^  to Fe^^ and its 
ability to form soluble complexes with Fe, thus preventing it from precipitation and 
polymerisation Ascorbic acid at a certain amount can overcome the inliibitory
effects of the phytic acid in cereals 4^6» is9^  ^  study by Davidsson et al. (2003) 
increasing molar ratio of ascorbic acid in relation to Fe in the infant foimula 
containing ordinaiy phytic acid was found to increase the bioavailability of Fe in the 
same extent as the dephytinisation of the food. Ascorbic acid is effective when taken 
as a crystalline supplement or present in fruits and vegetables consumed together 
with the meal
Vitamin A is another dietary factor promoting the absorption of Fe. Mejia and 
Chew (1988) observed a reverse o f anaemia when childi'en were supplemented 
with vitamin A. Layrisse et al. (1997) demonstrated that supplementation with 
vitamin A can overcome the inhibition effect of phytate and polyphenols on Fe 
absorption by binding with Fe to form a soluble complex of vitamin A-Fe complex.
On the other hand, several dietary factors inhibit the absoiption of Fe. The 
inhibition occuis when the dietary factor promotes Fe polymerisation and/or 
precipitation or binds F e i n  insoluble complexes that do not release it to mucosal 
receptors. Results from research have indicated a depression on the absorption of 
dietary Fe due to elemental interaction. Ca in the form of inorganic salt or as dairy 
product impairs the absorption of both heme and nonheme Fe in the diet Hallberg 
and co-workers (1991) reported a direct dose related inhibiting effect of Ca on Fe 
absorption. In their experiment the absorption of Fe was reduced by 50-60% when a 
dose of 300 - 600 mg Ca was added to a bread roll after being baked Hallberg et 
al. (1991) reported fmther that Ca could also encounter the phytate degradation 
during fermentation and baking. 40 mg Ca added to 80 g of flour reduced phytate 
degiadation by 50%.
Normally, absorption of nonheme Fe from cereals, legumes and other plant 
sources is poor. This is because plant foods consist of inhibitors such as fibres.
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polyphenols and phytic acid, which forni insoluble complexes with Fe making it not 
available for absorption. Fe binds with polyphenolic group such as tannin in the diet 
to form insoluble complexes thereby reducing its bioavailablity Tea is an 
example of diet with high concentrations of tannin hence when taken together with a 
meal it might reduce the bioavailabitly of Fe. A study by Gillooly et al. (1983) 
revealed a significant inhibition to nonheme Fe absorption when 500mg of tannin 
was added to a broccoli meal.
The absorption of Fe fi'om legumes such as soybeans, black beans, lentils, 
mung beans, split peas and cereals has been shown to be very low (0.8 -  1.91%) and 
not significantly different The main inhibitor of nonlieme Fe absorption in plant 
foods is the phytic acid. The absorption of Fe was found to increase by four to five 
fold when phytic acid was reduced from its native amount of 4.9 -  8.4 mg/g to less 
than 0.1 mg/g in soy protein isolates 4^%. The inhibitory effect o f phytic acid on the 
absorption of Fe was shown to be strong even at low concentrations of 0.3 mg/g 
phytic acid of isolate 4^^ .
2.8.2 Bioavailability of zinc
The bioavailability of Zn depends also on the dietary enhancers and 
inhibitors, and host related factors. Zn in food is absorbed in ionic form through a 
carrier mediated transport process hence, its absorption can easily be interacted with 
other molecules in the intestine Soluble low molecular weight organic substances 
such as amino acids and organic acids act as Zn binding ligands to facilitate 
absorption, while other organic compounds that form insoluble complexes with Zn 
could inhibit its absorption 4^6.
The absorption of Zn is affected by the amoimt and type o f dietary protein. 
Fractional Zn absorption increases linearly with the increase in protein content of a 
meal However, different types of proteins affect Zn absoiption differently 
depending on the composition o f the diet particularly on its content of the phytic 
acid. For mstance, bovine serum albumin and the isolates of dephytinised soybean 
protein reduced the absorption of Zn when added to non-phytic acid meal 
However, when animal proteins were added to meals containing inliibitory factors
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such as phytic acid increased absorption of Zn was obseived The reason for this 
could be due to the ability of animal proteins to prevent Zn from forming insoluble 
Zn-phytate complexes. In a recent study by Rosado (2005) milk and yogurt were 
found to increase Zn absorption by 70% and 78% respectively when taken with a 
meal which were related to the amino acid released from milk and yogurt proteins 
that keep Zn soluble and more available.
The influence of proteins on the absoiption of Zn and Fe were found to be 
different. For instance addition of bovine seirim albumin to the same test meal 
reduced Fe absoiption by 50% compared to 20% reduction on Zn absorption 
Soybean isolate produced also different responses when applied to the same test meal 
with more reduction on the absoiption of Fe than Zn Rosado et al (2005) 
reported no effect on the bioavailability of Fe when milk and yoghurt were added to 
a high phytate, while the absorption of Zn was increased significantly.
The inhibitory effect of phytic acid on Zn absorption is reported in several 
studies These studies demonstrated negative effects of phytic acid on the 
absorption of Zn even when tlie content of phytic acid was as low as 50 mg/1. Adams 
et al. (2002) conducted a human study to compaie the fractional absorption of Zn 
fr'om a diet prepaied from maize low in phytic acid with that prepared from high 
phytic acid maize. The former diet which contained 60% less phytic acid had 43% 
increased fractional Zn absorption than the high phytic acid meal.
In a recent review, Lonnerdal (2002) discussed studies tliat have reported 
the effect of reducing phytic acid fr om diets on the absorption o f Zn. The review 
presented studies which used different methods of removing phytic acid from 
composite meals. However, the levels of Zn absorption after the phytic acid removal 
were consistently approaching 45% which was similar to that from a non-phytic acid 
containing diet (46%). These observations confiim the inhibitory effect of phytic 
acid on the absorption of Zn and that any reduction in the dietary phytic acid, 
regardless of method used is likely to have a positive effect on the absoiption of Zn
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The effect of the elemental interaction on the absorption of Zn has also been 
studied and discussed. There are reports that Ca reduces the absorption of Zn in high 
phytic acid meals The foimula Ca x Phytate/Zn has been postulated to be used as 
a predictor of Zn bioavailability. This is because Ca has a tendency to form Ca-Zn- 
Phytate complexes that are even less soluble than Zn-phytate complexes The 
levels of Ca in a diet affected the phytic acid; zinc ratio that impairs the absorption of 
Zn. A ratio of 12:1 was found not to affect the absorption of Zn when Ca level was 
0.75%, however, when the Ca level was increased to 1.75%, a ratio of less than 6:1 
was foimd to be effective
The reports on the interaction of dietary Fe and Zn in gastrointestinal tract aie 
inconsistent. Studies involving pregnant women and children, discussed in section 
2.1, have reported a negative influence of Fe on Zn absorption especially when Fe 
was given as supplements. However, those studies involving health adults have 
demonstrated less interaction particularly at low doses of Fe. The ratio of Fe/Zn of 
2.5:1 reported by Solomon (1981) to inhibit the absorption o f Zn was found to 
have no effect on the absorption of Zn in water even when provided in a fasting state. 
Instead, it was a higher ratio of 25:1 that decreased the absorption of Zn horn 59% to 
34% hi another study by Velberg et al. (1984) a ratio of 10:1 in a solution of 
ZnCh was found to reduce the absoiption of Zn from 61% to 34%. However, when 
the same ratio was provided with turkey, no significant decrease was observed. 
These obseivations indicate that Fe supplement to healthy adults have a negative 
effect on the absoiption of Zn only if  it is taken into an empty stomach. Furthermore, 
the interaction of Fe on Zn became less pronounced when the concentration of Zn 
was raised to a dose similar to that found in natural diets Since the Fe dose 
provided in all tliese studies is far higher than the content of Fe found in natural 
foods, then the competitive interaction between Fe and Zn in healthy adults is not 
likely to occur in ordinary dietary conditions However, population groups with 
higher requirements for Zn, such as infants, adolescents, pregnant and lactating 
mothers may be more sensitive to Fe-Zn interactions.
30
2.8.3 Bioavalability of Cu
The bioavailability of Cu in the duodenum is also a dependent of the 
nutritional status of the host. It has been reported that the absorption of the total 
ingested Cu in a body of a healthy person is 30-63% while it reaches up to 70% for 
Cu deficient person ^^ 6. Lonnerdal (1996) in his review on the bioavailability of 
Cu, indicated that Cu as has been explain for Fe is absorbed more from the animal- 
protein diet (41%) than from the plant protein-diet (34%).
However, the data in a review by Lonnerdal (2002) concluded that phytic 
acid has no effect on the absorption of Cu, The studies using adult humans, infant 
rhesus monlceys and suckling rats all consistently supported the findings that, unlike 
Fe and Zn, Cu absorption is not influenced by dietary phytic acid He further 
suggested that the reason for the lack of effect of phytic acid on the absoiption of Cu 
could be due to high solubility of Cu-phytate complex at the pH of the 
gastrointestinal fract.
Several studies have shown the inhibition of Cu absorption by Fe and Zn. 
Excessive concentrations of Zn have been reported to reduce the absorption of Cu in 
the duodenum However, the inhibition of Zn to the absorption of Cu is dose 
related. Agust et al, found that Zn/Cu ratio of 2:1, 5:1, and 15:1 had no effect on 
the absoiption of Cu. However, very high doses of Zn have been successfully used to 
treat Wilson disease, an inborn Cu disorder that result in Cu toxicity High levels 
o f dietary Fe may also affect Cu absorption Lonnerdal (1996) in his review 
presented two infant studies, which showed the inhibition of Cu absoiption by excess . 
intake of Fe.
High intake of sugar is found to increase the absorption of Cu in humans 
This might be due to the fact that high intake of sugar increases Cu requirements 
because of its involvement in the metabolism of sugar.
2.8.4 Bioavailability of Mn
The absorption of Mn for adult humans is generally low; it is reported to be 
less than 5% ^^ 6. Because of that, studies on the absorption of Mn that involve
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humans are few ^^ 6. Therefore the model that is going to be discussed here will 
include results from animal studies. Results fr'om animal studies have indicated that 
the absoiption of Mn, as other essential elements, is an age dependant. In a research 
involving rats, adults absorbed only 3 - 4 % of administered dose of Mn compared to 
20% absorbed by young rats The bioavailability of Mn depends on the type of 
food; for instance, it is absorbed more from human milk than cows’ mille i?*. It is 
also reported that the absorption of Mn is independent of its amount in the diet or the 
body burden of the element
The absorption of Mn is also influenced by other dietary factors. Studies 
involving human subjects have revealed an inhibitory effect of phytate on the 
absorption of Mn although the effect is not as high as that for Fe and Zn Low 
fractional absorption of Mn (0.7%) was found in infant formula based on soy isolate 
containing phytic acid. However, when phytic acid was enzymatically degraded from 
the foimula, a significant increase in the absorption was found from 0.7% to 1.6%
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Interaction of Mn and other metals in the gastrointestinal tract has been 
shown to reduce its bioavailability. Ca is reported to be an inhibitory factor in the 
absorption of Mn i?*. The absorption and retention of Mn from foods with low Fe is 
relatively high Using mice as a model, it was shown that if milk is supplemented 
with Fe both the retention and absoiption of Mn is reduced
2.8.5 Bioavailability of Cr
The absoiption of Cr in the form of Cr^^ is less than 3% irrespective of the 
dose while hexavalent Cr which is toxic is better absorbed The body retention of 
Cr is age dependent as uiinary Cr contents were found to be higher for elders than 
yoimg subjects
The bioavailability of Cr^^ is reduced by its ability to undergo hydration at 
neutral or alkaline pH and precipitates as insoluble Cr(0H)3. However, when present, 
amino acids compete with the hydroxide ions in solution to form Cr-amino acid 
soluble complexes of low moleculai* weight which are more available for absoiption
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The absorption o f dietaiy Cr is also enhanced by vitamin C (ascorbic acid) and 
vitamin B3 (nicotinic acid) taken together with a meal
The absorption of Cr is hindered by a number of nutritional factors including 
high content of sugar and interaction of Cr with other metals. Diets high in sugar are 
reported to stimulate Cr losses. Kzlovsky et al. (1986) provided 37 subjects with 
high sugar diets for 12 weeks. Twenty seven out of the total subjects had their 
urinaiy Cr losses increased from 10% to 30% compared to subjects consuming a 
normal sugar diet. In animal studies, the absorption of Cr is also interfered with Zn 
and Fe. On separate occasions, oral dose of Fe and Zn were found to decrease the 
absorption of Cr in rats
2.9 Phytic acid/Phytates
Phytic acid known as myo-inositol-l,2 ,3 ,4 ,5 ,6 -hexa-/a5-phosphate or phytate 
when in salt form, is found in 1-5% by weight of plant based food such as cereals, 
legumes, seeds, nuts, some fruits and tubers
OH OH
O 0 0“
Fig 2.1 Phytic acid
Since phytic acid is anionic, it easily combines with divalent cations mostly 
Fe and Zn present in the gasti'ointestinal tract to fomi complex salts which aie 
insoluble and unavailable for absoiption. The evidences that show the negative 
effects of phytic acid in the absoiption of Fe and Zn have been discussed in details in 
sections 2 .2.1  and 2 .2 .2  respectively.
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There ai'e several ways that could be used to decrease the inhibitory effect of 
phytic acid on metal absoiption. These include removal of phytic acid from the 
foods, enzymatical degradation of phytic acid and adding compounds to the foods 
that prevent phytic acid-metal binding.
Enzyme phytase, which could be found natui'ally in plant based food or that 
added into the diets, catalyses the hydi'olysis of phytic acid to in-organic 
phosphorous and lower phytates, in the forms of penta-, tetra-, tri- and di-phosphates 
This enzyme can be found in plants stored in seeds and cereals for the pmpose of 
utilising phosphorous and energy required for growth of the germinating plant 
Phytase is also found in bacteria such as lactic acid bacteria, and fungi such as yeast 
Hence home practices such as soaking, germinating, fermenting with yeast or 
lactic acid bacteria and malting could activate the activity of this enzyme to 
hydrolyse phytic acid into lower phosphates. During gennination, phytase is 
synthesised or activated whilst feimentation leads also to lowering of pH due to the 
production of organic acids, mainly lactic and acetic acid, wliich is favourable for 
cereal phytase activity
Studies in humans and animals have shown that hexa- and penta-phosphate 
are the foims of phytic acid which ai*e responsible for the inhibition effect of the 
bioavailability of Fe and Zn whilst the other forms of phytic acid were found to have 
no effect Hexa and penta-phosphate inositol make up over 90% of the total 
phytate in raw gi'ains but get degraded during processing and cooking While 
other processes stimulate the frmctions of phytase, cooking is said to result into 
thermal degradation of the compound A decrease of 20 -  30% of phytic acid
has been reported when cereals were cooked in the traditional Indian way without 
being processed prior to cooking
The work earned out in Malawi has shown that soaking of maize flour before 
cooking could result into 65-85% reduction of hexa-and penta-inositol phosphate 
hi supporting this observation, Gibson and Perlas (2005) reported also a decrease 
o f the higher phosphates in maize after being soaked for 6 hours. About 86% of the 
phytate in maize is soluble in water, hence soaking will also results in diffusion of
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water-soluble phytates from maize to water For that reason, the reduction of 
phytic acid from maize will depend as well on the efficiency of discarding the 
soaking water Hotz and Gibson (2007) revealed that the removal of phytic 
acid in maize flour improved with the increased portion of soaldng water and that 
most of the dissolution occuiTed in the first hour of soaking. Hotz and Gibson 
(2007)^ "^  ^ fuifher suggested that if  the soaking water were properly discarded, the 
diffusion of soluble phytates into the soaking water would be the predominant 
mechanism of phytic acid reduction compared to the enzyme hydrolysis of hexa-and 
penta-inositol phosphate, which takes place in long soaking.
Hotz and Gibson (2001) reported a reduction of 12 - 46% of phytic acid 
when unprocessed maize was fermented before cooking. For further reduction of 
phytic acid in maize, they added geiminated maize flour into fermenting maize to 
reduce the phytic acid to71% of the control. Previous to this study, Svanberg et al. 
(1993) demonstrated a phytic acid reduction of 30% in maize shinies that was 
lactic feimented and 50% reduction when geiminated flour was added to the 
fermented shinies. Wlien the flour was soaked for 24 - 48 houis prior to fermentation 
the reduction was >90% and was almost complete with addition of 50 mg phytase 
Hotz and Gibson (2001) observed a phytic acid reduction of 61% when the 
maize flour was soaked for the same length of time before fermentation.
Genetic mutation can also be used to reduce the content o f phytic acid in 
cereals For example an induced genetic mutation to block the synthesis of phytic 
acid in maize and rice is reported to reduce the level of phytic acid by 50 -95% 
Plant breeding is being employed to produce new varieties of cereal grains with 
low phytic acid. Adams (2000) found 43% more absorption of Zn from genetically 
modified maize than from the normal maize.
2.10 The Pathways and toxicity of the environmental contaminants
There are different pathways in which the environmental contaminants could 
enter human bodies. These depend on many factors including the characteristics of 
the contaminant such as its solubility and physical state as well as its souice of
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emission. When entering a body the toxic elements could be lethal depending on the 
dose or accumulate to produce abnormalities in life.
2.10.1 Arsenic
Ai'senic is widely distributed throughout the earth's crust, occurring in most 
soils and rocks in detectable quantities Its compounds have also been used in 
agriculture as insecticides As compounds are soluble in water hence they can 
easily dissolve and contaminate groundwater. Plant accumulation o f As is normally 
low as toxicity to the plant occm*s before high levels are stored Normally, the 
concenti'ation of As in uncontaminated terrestrial foods is reported to be less than 1 
pg/g Sea food usually accumulates more As than plants (2 - 80pg/g), but As in 
sea food exists mostly in organic compounds which are much less harmful to health 
because they aie readily eliminated by the body as waste For that reason, the 
thi'eat of As to public health is more fi-om drinlcing water than fi*om foodstuffs.
Inorganic As is reported to be carcinogenic in humans Its
carcinogenicity might be related to its ability to induce clii'omosome abnoimality, to 
inliibit DNA repair and to induce oxidative sti'ess in the body cells As has
been associated with many types of cancer including skin, lungs, uiinary bladder and 
kidney In a research study caiiied out in Bangladesh, As concentrations as
low as <50 pg/litre in drinking water were found to be a risk factor for skin cancer^
A report on the association of diabetes mellitus and the exposure of As was 
first reported in Taiwan in the ai'eas with endemic As in drinking water. Higher 
prevalence of diabetes was observed in these areas compaied to other non-endemic 
areas. Statistical calculations significantly dose related the disease with ingestion of 
As from drinlcing water Later on, another study carried out in Bangladesh by 
Rahman et al. (1998) showed elevated high risk of developing diabetes to those 
subjects exposed to As in their drinking water.
Several studies have associated ingested As with cardiovascular effects 
Chen et al, (1995) observed a 1.5-fold increase in prevalence of hypertension 
in subjects living in high As areas in Taiwan compared to subjects living in less
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contaminated area. This observation was supported by other reseai'ch earned out in 
the U.S.A. which revealed an association between As and significant excess of 
deaths for cardiovascular diseases in male and female In a recent review by 
Navas-Acien et al. (2005) results from studies carried out in Taiwan are reported 
to associate As in diinking water with blackfoot disease. Blackfoot disease is a 
severe form of peripheral arterial disease characterised by arteriosclerosis and high 
As levels in the arterial wall.
2.10.2 Vanadium
Vanadium occurs naturally in the earth’s crust in low concentrations. Its 
concentrations in soil vary between 10-200 pg/g The element is also released into 
the environment tlirough various natural and anthropogenic activities. Vanadium is 
widely used in industries in the production of steel, glass, paints and pigments 
and it is the major trace element in fossil fuels including coal and petroleum 
Vanadium is moderately soluble in water, hence it can diffuse tlirough the soil, 
directly absorbed by plants or contaminate the ground water and eventually enter the 
food chain. For that reason, vanadium is foimd in a variety of food and its daily 
intake via diet is estimated to be 10-20pg/g Since vanadium is a major element in 
frrel, its concentrations in air will depend on the rate of fuel combustion; higher 
concentr ations are found in urban than rural areas. The absorption of vanadium in the 
gastrointestinal tract is relatively low (< 1%) but food is said to be the major source 
o f exposure to vanadium for the general population On the other hand, lungs 
absorb soluble vanadium compounds ( V 2 O 5 )  greatly, hence vanadium is known to be 
more toxic when inhaled than when ingested There are statistical relations 
between vanadium in air pollution with the incidence of lung cancer, bronchitis and
• 204pnemnonra
Vanadium can be detected in many body tissues, but its essentiality is not 
well defined Vanadimn can interact with the phosphate groups and the sugar
alcohol group of the nucleotides to from complexes that stimulate the activities of 
DNA and RNA enzymes Vanadium in the form of V (IV) and V (V) has been 
shown to mimic insulin in its functions to increase glucose transport activity and 
improve glucose metabolism However, vanadium compounds are also toxic. Oral
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vanadium was found to be a reproductive and embryo/foetal toxicant to animals 
Low doses of vanadium provided to rats and mice for a long period of time were 
obseiwed to depress phagocytosis and enlarge the spleen The effects of vanadium 
salts in immune cells have also been reported by Lee and co workers (2001) 
However, the toxic effect of vanadium salts was found to be higher than the dose 
found in natural uncontaminated diet. Hence the risk of the toxicity of vanadium in a 
general population is noimally low.
2.10.3 Cadmium
Cadmium occurs naturally and is also introduced into the soil by the use of 
maniue and phosphate fertilizers as well as from industrial processes and sewage 
sludge hi food, Cd concentrations vary as a function of the species grown. For 
example, leafy vegetables and potato tubers accumulate higher levels of Cd than 
fruits and cereals Cadmimn in soils is practically immobile, hence its 
concentrations in drinking water is generally low (<1 ppb) For that reason, 98% 
of the ingested Cd is reported to come fr om terrestrial foods, while only 1% comes 
from aquatic foods such as fish and shellfish, and 1% arises from drinking water. The 
retention of Cd in the body is reported to be low with only 2% to 6% of the ingested 
Cd absorbed into the body However, its absorption could also be influenced by 
the iron status of the individual as mentioned earlier. Cd biological half time inside a 
body is very long (5 to 30 years) hence long tenn accumulation could pose a problem 
to health
Cd in the body replaces Zn in many enzymes causing irnpahments in some of 
the enzymatic fimctions of the body MTs have very high affinity for Cd, which 
could replace the frmction of Zn MTs as a protective agent. For instance, Zn MTs 
have a protective effect against radiation induced DNA damage whereas Cd MTs are 
less protective and at a certam conditions could increase the damage Cd replaces 
Fe and Cu from various intercellular cites, thus increasing their concentrations in the 
body, which can then cause oxidative str-ess as explained earlier
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Cd is considered as category I carcinogen Its body concentrations have 
been linlced with lung pancrease and kidney cancer The basic mechanisms 
involved in Cd caicinogenic are found in a review by Wainberg 2003
2.11 Conclusion
Essential ti'ace elements play big roles in the nutrition and health of children. 
Deficiency of ti'ace elements impairs the immunity system which then leads to higher 
risk of complication and death from communicable diseases. The main inhibitor of 
ti'ace elements availability in foods especially cereals is the phytic acid. Hence, 
phytic acid reduction from the plant based food is important to support the efforts of 
eradicating Fe and Zn deficiency especially in childi'en of the developing countries. 
Results of several studies which have been discussed in this chapter have proposed 
methods that could be used to reduce the levels of phytic acid from a meal. These 
methods are easily achievable even in rural communities because they are simple, 
require minimal technology and involve no additional costs.
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CHAPTER THREE
3.0 Analytical techniques and experimental arrangements
Instrumental Neutron Activation Analysis (INAA) and Proton Induced X-ray 
Emission (FIXE) have been in use for decades in the identification and monitoring of 
elements in nutrition and health. INAA is known to offer sensitivities that are 
superior to those attainable by other analytical methods. The method is very sensitive 
for V, Co, Cu, Mn, As, Se and Hg. In addition, because of its accuiacy and 
reliability, NAA is generally recognized as the primary method ("referee method") of 
choice when new procedures are being developed or when other methods yield 
results that do not agree However, some of the naturally occurring elements are 
not detectable with reasonable detection limits using INAA; these include the light 
elements fi'om H to O, F, P, Pb and Bi. This is because they either do not produce 
suitable radionuclides or their neution cross-sections are veiy small. Radionuclides 
with long half lives such as ^^Fe and ^^Zn have to undergo a long in*adiation and 
counting procedures, which may take several weeks. Those procedmes are normally 
expensive not only in time but also for the needs of specific facilities.
In this thesis, the collected samples of foods were analysed by short irradiation 
INAA and PIXE analysis was used as complementary method to determine the levels 
of P, Cr, Fe and Zn. The combination of the two techniques allowed the 
deteimination of the concentrations of 15 elements with a reasonable detection limit. 
Hair samples on the other hand, were analysed by short and long irradiation INAA 
which enabled the determination of the levels of 34 elements.
This chapter discusses the principle of the two analytical techniques, their 
applications and the validation of different methods that could be used for the 
deteimination of element concentrations.
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3.1 Particle Induced X-ray Emission
3.1.1 Concept and Theory
PIXE is a fast and efficient low damage multi-element analysis technique. It can 
be used to analyse very small samples as low as microgi'am in mass and it takes a 
few minutes to acquire an X-ray spectmm. PIXE uses ions to bombaid a sample, 
which in turn emits characteristic X-rays. The energy of emitted X-rays is a 
characteristic of the element in the sample and the number of characteristic X-rays 
produced is proportional to the element concentrations.
When a proton bombards a target, it loses some of its energy to loiock off 
electrons from the inner shell of the metal atom resulting into an unstable atomic 
configuration. As a result electrons from higher energy levels fill up the vacancy and 
characteristic X-rays aie emitted. Targets with low atomic number result in lower 
energy X-rays, whilst high-Z targets produce higher energy X-rays. When an 
electron drops from L shell to K shell the X-ray line is called Ka X-rays, and the Kp is 
when electron drops from M shell to K shell. L X-rays are formed when electrons 
fr om higher shells drop to the L shell and so on for the other lines of X-rays (Fig 
3.1). The preference of emission of K or L X-rays will depend on the specific imier 
shell from which the electron is removed.
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Fig 3.1: Electronic transitions that emit various X-ray lines. 
http ://xdb.lbl. gov/Sectionl /Sec 1 -2 .html
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3.1.2 Ionisation cross-section ( c7^ . (E) )
The ionisation cross-section is the probability that an inner shell electron will 
be ejected when protons interact with atoms of the target. It is dependant on atomic 
number Z o f the element as well as the energy of die bombarding protons. The cross- 
section normally increases with energy of the incident protons, reaching a maximum 
when the proton energy matches the orbital velocity of the election to be ejected
There are several theoretical approaches that are used to calculate the 
ionisation cross-sections. The Binary Encounter Approach (BEA), which was used 
in eaiiier years, the Plane Wave Bom Approximation (PWBA), and the improved 
version of PWBA known as the ECPSSR. The ECPSSR accounts for the energy loss 
(E) and Coulomb deflection (Q  of the projectile and the perturbed-stationary state 
(PSS) and relativistic (R) nature of the taiget’s imier shell The ionisation cross- 
sections calculated by this model match the experimental values to within 3-5% for 
K shell and 5-15% for L values
3.1.3 Fluorescence yield (Ox)
When an electron from a higlier shell di'ops to fill a vacancy formed at the 
inner shell, an X-ray photon is emitted fr om the atom or the energy is transferred to 
an outer shell electron which is ejected from the atom. This ejected election is known 
as a low-energy Auger electron. For higher Z atoms there is also a probability of 
shifting between the L sub shells the primary vacancies resulting from the ionisation. 
In this transition known as the Coster-Kronig the difference in binding energy during 
the vacancies shifting is not radiated but rather carried off by an outer shell electron. 
The Coster-Ki'onig tiansition is however only possible when the difference in 
binding energies exceeds the ionisation energy of an outer election. There is always 
competition between the emission of X-rays and the radiationless Auger and Coster- 
Kronig transitions. The probability that fluorescence X-rays will be emitted is given 
by the fluorescence yield, cOx-
The fluorescence yield (Ox) is therefore defined as the ratio of emitted X-rays 
to the number of primary vacancies created. Basically, it is the probability that de-
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excitation will result in emission of fluorescence X-rays. The fluorescence yield can 
be calculated using the semi empirical foimula:
0)^ = ye,z‘
i=0
(3.1)
where Bi = are coefficients with values given in literature
The fluorescence yield increases with increasing atomic number, for instance 
0)^ . is less than 10% for low atomic number elements and approaches unity for high 
Z elements
3.1.4 Measurements of X-rays
3.1.4.1 Background
The PIXE spectrum consists of characteristic X-ray peaks superimposed on a 
bremsstrahlung continuum backgroimd. This backgroimd reduces the sensitivity and 
worsens the detection limits o f the elements. The spectrum from PIXE (fig.3.2) has 
an increased background aroimd 2 keV, wliich falls to being almost zero above 8 
keV.
Ca
IÔ
Mti
Cu
Fig 3.2: A typical PIXE spectrum of rice irradiated by a 2.5MeV proton beam for 10
minutes.
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Bremsstrahlung is electromagnetic radiation produced when a charged 
particle is decelerating after being deflected by another charged particle. This 
radiation produces a broad spectnun, which would contribute to the continuum 
background of the X-ray spectrum. The bremsstralilung emitted by decelerating 
particles is proportional to the square of the acceleration.
Intensity a  (acceleration)^
pSince acceleration = — m
then
Intensity «  I — I (3.2)ym )
where F = electrostatic force between the particles 
m = mass of the decelerating particle
Comparing the masses of electron and proton, it can be seen from equation
3.2 that X-ray spectrum obtained by electron excitation has much higher 
bremsstrahlung background than that by proton excitation. That is why PIXE has a 
lower continuimi background compared to other X-ray teclmiques such as electron 
induced X-ray emission analysis, thus making it more sensitive. The bremsstrahlung 
continuum backgr'ound is angular dependant. It becomes high at 90° and reaches a 
minimum at 180° relative to the beam. Hence, the X-ray detector is normally placed 
at a backward angle of 135° relative to the beam to reduce the background.
The main contribution to the bremsstrahlung backgiound in PIXE is from:
• Secondary electron bremsstrahlung (SEB). When an ion beam bombards a 
target, electrons are ejected from the atom. These electrons are scattered by 
the Coulomb field of an atomic nucleus in the sample, thus resulting in the 
emission of SEB. The maximum kinetic energy that an incident particle could 
give to the secondary electron is:
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(33)
where mg = mass of free electron 
mp = mass of proton 
Ep = energy of proton
SEB is the main contributor to the bremsstrahlung continuum background in 
PIXE. It is very strong at low radiation energies, but decreases rapidly at 
energies higher than T^.
Atomic bremsstrahlung (AB). Protons could also excite elections from 
inner shells and when retmming to their original state the electi'ons will emit a 
continuum spectrum. This radiation is called the atomic bremsstrahlung (AB). 
AB is nonnally very small compared to SEB however, its contribution from 
heavy elements in the sample is significant.
Proton (projectile) bremsstrahlung. The emission of proton bremssti'ahlung 
is due to the deceleration experienced by the protons in Coulombic 
encounters with bound atomic electrons. The velocity of the ions will 
decrease until it is compaiable to the velocity of electrons. The contribution 
fi'om this emission is minor as the ions in the beam aie massive and are 
deflected and decelerated less. The proton bremssti'ahlung contributes mainly 
to X-ray energies of higher than Tm-
Compton scattering of y-rays. The beam will also excite nucleus of some 
atoms in the target and y- rays will be produced when the excited imier 
nuclear levels of the sample are de-exciting. The y- rays will then be 
Compton scattered to produce a continuum backgroimd at high energies 
beyond Tm, which can stiongly raise the MDL of trace elements with high 
atomic number. The intensity o f this backgiound depends on the presence of 
certain elements, which have high cross-sections for (ion, y) reactions, such 
as Na, A1 and F.
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Recoiling protons. The incident protons can be scattered by heavy elements 
in the tai'get and if  not stopped could enter the detector. Signals produced by 
these protons could contiibute significantly to the continuum background. 
The best way of preventing the incident protons from entering the detector is 
to place a filter between the sample and the detector.
Sample Charging. Thick samples with poor electiical conductivity may be 
charged during bombardment. High voltage on the surface of the tai'get would 
accelerate the fi'ee electrons, producing very high backgi'oimd in the entire 
region of the X-ray spectrum, which may completely swallow the smaller X- 
ray peaks on the spectrum and hinder their detection. Different methods have 
been suggested in the literatui'e to overcome this problem Carbon
coating, because of its good electrical conductivity is also commonly used to 
increase the sample conductivity and reduce the charging, hi this thesis 
samples were carbon coated in vacuum carbon evaporation and then graphite 
was tagged on each side of the pellets to ensure good passage of elections to 
the metal sample holder.
Fig 3.3 shows the effect of charging on the detennination of Fe and Zn. The 
high background at higher energies when the sample was poorly coated 
obstructed completely the peaks for Fe and Zn. The background was lower 
when the conductivity was increased.
46
Proper coating —  • 
P oor coating —-  :
Cu ^
EneigN' (ke\’)
Fig 3.3: Reduction of the background in the PIXE spectrum of maize flour by carbon 
coating. Both spectra were irradiated with 2.5 MeV proton beam for 20 minutes and
collected without filter.
3.1.4.2 Filters
Filters are absorbing foils normally placed in front of a detector to attenuate 
the bremsstrahlung background and the dominant low energy X-rays peaks found in 
biological materials. They are also important in preventing recoiling protons from 
entering the detector. Filters could be constructed from several materials. Low 
atomic number filters (Z<10) have their binding energy below 1 keV and can be used 
to filter low energy X-rays. Fig 3.4 demonstrates the transmission of a Be filter of 
thickness 130pm as the one used in this thesis. The transmission is zero at energies 
<1.259 keV (Mg K« line), it approached 100% at energies > 10 keV.
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Fig 3.4: The transmission curve for Be filter of thickness 130 ^m. The filter absorbs 
completely energies below 1.26 keV (Mg K@). [Plotted from a programme for filter 
transmission at http://www.cxro.lbl.gov/optical constants/filter2.htmll.
Fig 3.5 illustrates the reduction of continuum bremsstrahlung background 
using a Be filter of thickness ISOpm. Two spectra of the same sample were irradiated 
under the same beam conditions and collected for 10 minutes with and without the 
filter. As could be seen (fig 3.5) the continuum background was lowered with the 
application of filter.
Ca With Filter Without Filter
MnoU
Eneig\ (keV)
Fig 3.5: The reduction of continuum bremsstrahlung background in Peach 
Leaves (SRM 1547) using Be filter of thickness 130pm.
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3.1.4.3 Minimum Detection Limit (MDL)
In this thesis the minimum detection limit (MDL) is defined as the 
concentration of an element which would yield an X-ray intensity of 2a of the 
background. This can be interpreted as the minimum number o f counts which can be 
reported as coming from the sample with a confidence limit of 95%.
(3.4)
where B = background counts at the photopeak energy of interest.
The MDL depends inversely to the spectrum continuum background, which 
in turn depends on the sample, its matiix components and the specific measuring 
conditions. Fig 3.6 shows the graph of MDL with atomic number Z obtained in this 
study fi'om NIST Standard Reference Material Peach Leaves (SRM 1547) irTadiated 
by a 2.5 MeV proton beam for 10 minutes. From the graph one can notice that the 
technique is more sensitive for elements of Z between 2 2 -3 0 . MDL obtained for Cu 
(which was the lowest) was 3pg/g. However, this MDL could be lowered by 
increasing the in  adiation time of the sample and hence counting time of the sample.
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Fig 3,6: The Minimum Detection Limit of elements in Peach Leaves (SRM 
1547) irradiated for 10 min.
R~ is a statistic that gives information about the goodness o f fit o f  a model.
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3.1.5 X-rays Detection
The most common PIXE detector is a silicon lithium Si(Li) detector with a 
thin Be window. The detector has high efficiency for X-ray energies between 5 - 2 0  
keV, in which most of the elements of interest in biological analysis lie. The Si(Li) 
detector is capable of resolving X-ray emissions as closely spaced as 150 eV, and, as 
a result, 20-30 elements can be readily identified and concentrations determined at 
the same time.
In this study X-rays were collected by an 80 mm^ Si(Li) detector with a 
12.5pm Be window and a resolution of 160eV at 5.9 keV having a Be filter of 
tliickness 130pm placed in firont of it. This set up and the iiTadiation time of 10 min 
used in this thesis allowed the determination of elements fiom Si (Ka = 1.74) with 
accuracy of less than 20% depending on the method used to calculate the elemental 
concentrations.
3.1.6 Rutherford backscattering (RBS)
PIXE is not the only outcome of ion beam interaction with a target. Some of 
the particles within a beam may backscatter after colliding with atoms in the near­
surface region of a target in a phenomenon Icnown as Rutherford backscattering 
(RBS). Since RBS is a function of mass and depth of the scattering element within a 
target, then information of the energies before and after scattering could be used to 
calculate accurately the relative concentr ations and the depth profile of elements.
RBS spectra collected simultaneously with PIXE spectra could provide for 
the information that could be used to quantify PIXE compositional analysis. Micro 
beam PIXE due to its small beam size cannot measure accurately the matrix of a 
sample because the later may vary withm the small scale of the beam diameter. 
Moreover, the accurate rneasru'ement of the beam charge might be a problem as 
different regions of the sample may have different secondary emission properties 
In RBS, matrix composition of a sample is calculated fiom the shape of the spectrum 
and the total area of the spectrum is proportional to the total char*ge deposited 
because the number of counts is proportional to the char'ge. The Q factor that is
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needed for the normalisation of PIXE calculation is obtained by the ratio between the 
areas o f the fit and the experimental spectrum over a selected range o f energy
When a proton of mass, mp, moving with constant velocity collides elastically 
with a stationary atom of mass, lUg, in a target, a certain amount of energy is 
ti'ansferred to the recoiling atom, and the scattered proton emerges witli an energy 
that depends on the angle of scatter and the mass of the scattering atom. In this 
phenomenon the only energy loss mechanism is momentum transfer to the target 
atom. Then by applying the principle of conservation of energy and momentum, 
kinematic factor could be defined to be the ratio of the projectile energy after 
collision to the projectile energy before collision and is given by:
 ^_ ^scattered
^incident
^ m.p sin 6^ ^2A1 - mV V a y J
+ nip cos 6^
1 + ^
(3.5)
where k = kinematic factor 
Eincident = energy of the incident proton 
Escattered = energy of the scattered proton 
0 = scattered angle 
mp = mass of the proton in the beam 
ma = mass of the target element
The kinematic factor depends only on the ratio of the projectile ion to the 
target mass and on the scattering angle 0. Therefore, heavy atoms will have high 
scattering energy implying that less energy was transfened to them during collision. 
If the mass of the projectile ion and energy of the projectile before and after 
scattering are Icnown then equation 3.5 could be used to identify elements present in 
the sample target.
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In order to perfonn quantitative analysis, the scattering cross-section in a 
given experimental condition must be accurately known. Scattering cross-section is 
defined as the probability that a projectile will be scattered into a detector with a 
given solid angle. This is given by:
f nip sin (9 -2 + cos^d a
d Q ~
2
4
A E incident sin"^  Û
1 - nip sin (9
2
1 _ .
(3.6)
The dependence of the cross-section to 2.^ and Zp ,^ illustrates that heavier 
atoms will produce more scattered yield than the light atoms and the yield favors the 
beam with heavier ions.
The RBS spectmm contains counts generated by projectile ions scattered by 
different elements in the taiget. Each spectrum will have steps or edges, each 
corresponding to the maximum energy of the projectile ions scattered by a particular 
element in the target. Thus for a given projectile ion and incident energy, the 
measured scattered energy will depend on mp and on the amount of energy lost by 
the ion in its passage througli the target material both before and after the nuclear 
scattering. Therefore the spectrum may give infoimation on the depth profile based 
on the energy loss of the projectile ions in the target material.
Fig 3.7 is the RBS spectrum of a biological material showing the edges of 
carbon and oxygen. The width of each peak would increase with the increase in 
sample thickness, reflecting the extra energy loss incurred by ions that went deeper 
into the sample.
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Fig 3.7: RBS spectrum of Peach Leaves (SRM 1547) showing edges for carbon and
oxygen.
3.1.7 Data analysis
Both FIXE and RBS spectra were acquired using the OMDAQ^^^ micro beam 
data acquisition system. Dan32, a window based software package, is used for fitting 
the PIXE and RBS spectra. This package incorporates a GUPIX progi-amme^^"  ^of the 
University of Guelph, Canada and a Rutherford backscattering simulation and fitting 
module to allow a simultaneous analysis of PIXE and RBS specti'a The shape of 
the RBS spectrum will provide for matrix composition and the total area will give the 
total chai'ge Dan 32 utilises the Q-factor charge noimalisation method where the 
ratio of the tme charge over the measured charge (Q-factor) from the RBS is used to 
normalise the PIXE data After the analysis of the RBS spetiinn, GUPIX employs 
the information from RBS to convert the X-ray pealc intensities into elemental 
concenti-ations using an absolute method of analysis. The intensities of chai'acteristic 
X-rays in PIXE spectrum are determined by fitting a model spectrum to the measured 
spectrum using a nonlinear least square technique This model spectrum is made 
from a database of K, L and M ray energies, cross section, fluorescence and Coster- 
Kioning probability The continuum background is not modelled hence the model 
spectrum contains only the characteristic X-ray contiibution. From the fit results, the
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GUPIX programme calculates the elemental concentrations with their uncertainties 
together with values for MDL.
3.1.7.1 Absolute method
This method involves the use of the fundamental equation, without using any 
standard for the deteimination of elemental concentrations. Equation 3.7 is the 
fundamental equation used for thick homogeneous sample
f <^ÂE)TXE)dE 
A  t  S(E)
and the X-ray attenuation
(3.8)c o iû l s { E )
where I (x) = intensity per unit concentration per steradian per unit beam charge 
for a particular matiix 
Aw = atomic weight of the element 
S(E) = proton stopping power 
bx = fraction of the series X-ray intensity 
Na = Avogadro’s number 
Wx = fluorescence yield 
p = mass attenuation coefficient
q  = angle of the incoming beam with respect to the target surface noimal 
Q, = angle of the outgoing X-ray with respect to the target surface normal
As we can see from the equation 3.7 and 3.8 the method is highly reliant on 
an accurate database of cross section, fluorescence, stopping power and attenuation 
coefficient as well as the geometrical parameters of the system.
The GUPIX package in Dan 32 used in this thesis employs a database for X- 
ray production cross-section that is based almost entirely upon theoretical calculation 
o f the necessary atomic quantities K, L and M sub-shell ionisation cross-sections 
are based upon those computed in the ECPSSR model by Chen and Crasemann
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using Dirach-Harti'ee-Slater (DHS) wave functions for the bound electron. The 
fluorescence and Coster-Kroning transition probabilities for L and M sub shells are 
also derived from the DHS wave frmction
Accuracy and precision of the absolute method
Duplicate samples of NIST standaid reference materials Peach Leaves (SRM 
1547), Polish certified reference material Tobacco Leaves (CTA-OTL-1) and IAEA 
reference material Animal Blood (IAEA-A-13), each of mass 50mg were compressed 
into pellets of diameter 5 mm. The samples were stuck to 3 mm thick aluminium 
plates using double-sided adhesive tape and were carbon coated to ensure good 
electiical conductivity. A proton beam of size 3 x 4  pm^, cuirent 200 pA and energy
2.5 MeV was used to iiTadiate for 10 minutes an area of 1.5 x 1.5 mm^ of sample 
pellets. The characteristic X-ray spectra were collected by an 80 mm^ Si(Li) detector 
(with a Be filter of thickness 130 pm) placed at 135° to the beam and 25 cm fr om the 
samples. The RBS spectra were collected using a Si(Li) detector placed at 160° and 
30 mm from the samples.
The RBS and PIXE spectra were fitted and the elemental concentrations 
calculated by GUPIX of Dan32 which utilises the absolute method of analysis. 
However, the experimental concentrations of the elements in all tluee analysed 
reference materials did not match with the certified values. The experimental 
concentrations were found to be 20% - 60% higher than that of the certified values.
Plots of certified against experimental values were straight lines with similai" 
slopes, which indicated a systematic eiTor in the experimental set up. This might 
probably be due to poor characterisation of the system as the absolute method 
depends on the accuracy of essential parameters of the set up, such as solid angle, H 
values, which is an instrumental value equal to detector solid angle modified by a 
calibration factor mvolved in a beam charge measuiements, and the detection 
efficiency. Poor characterisation of the ion beam system of the University of Surrey 
has been reported previously by Admans (2004) who used H value method to 
validate the system. In order to reduce the error. Admans suggested inputs to the 
Dan32 package that would improve the system. However, results from this thesis
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demonstrate no improvement. Therefore, re-characterisation of the University of 
Surrey ion beam for PIXE is recommended.
As an illustration. Fig 3.8 is a plot of certified concentiations against 
experimental concentiations for Peach Leaves (SRM 1547). Similar slopes were 
obtained in the gi'aphs for Tobacco Leaves (0.77) and Blood Reference Material 
(0.65) with 6% standard deviation between the materials (fig III and IV of Appendix 
2). Hence, average value of the tliree slopes were calculated and found to be 
0.70±0.04 which was taken as a correcting factor. After normalisation with the 
correcting factor, the experimented values were lowered and hence improved by 6% 
to 30%.
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Fig 3.8: The graph of certified values against the experimental values of Peach
Leaves (SRM 1547),
R~ is a statistic that gives information about the goodness offit o f  a model
The deviation from the certified values of the elements in the tlnee reference 
materials varied between elements depending on the certified amount and uncertainty 
of the element in the sample. However, most of the corrected experimental values 
fi'om the tloi'ee reference materials improved to an accuiacy of 15% for peach leaves, 
18% for the animal blood and 20% for tobacco leaves. The high percentage deviation 
fi'om the certified value for Cu in the thi'ee reference materials and Sr in peach leaves 
were probably because these element are cei'tified to have concenti ations which were 
near to the MDL obtained in this study hence, they needed more time of counting in 
order to have had more precise statistics. For instance, the MDL for Cu and Sr in
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Peach leaves were 3.1jig/g and 34|ig/g respectively compared to the values of 
3.7pg/g and 53pg/g respectively certified to be in the sample. These elements had 
also the highest uncertainties of all the elements in the sample.
Fig.3,9 shows the ratio of the certified over experimental concentrations for 
Peach and Tobacco Leaves as a function of atomic number Z of the elements. As 
could be seen, the plots o f the two reference materials followed the same trend and 
their ratios were comparable witli less than 10% difference for Z higher than 19. Fig 
3.9 (b) shows 6% to 30% improvements on the ratios for both materials after the 
experimental concentrations were normalised by the correcting factor.The eiror bars 
represent the error of the resulting ratio, which is the root mean square combination 
of certified uncertainties of the elements in the standai'd and the uncertainty in the 
experimental value.
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Fig 3.9: The graph of the ratio of certified over experimental values for Peach Leaves 
(SRM 1547) and Tobacco Leaves (CTA-OTL-1): (a) uncorrected data (b) experimental 
values normalised by the correcting factor.
3.1.7.2 Comparative method
Alternatively, the concentration of the elements in a sample can be found by 
comparative method. In the comparative method, a sample and a standard are 
irradiated under the same beam conditions, and then the concentrations of the 
elements are calculated using equation:
= c ^ sa m Q s tdstd (3.9)
std ^ sam ple
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where = concentration of the sample
= concentration of the standard
Nsam = net area o f the sample 
Nstd = net area of the standard 
Qsam = quantity of charge for the sample 
Qstd = quantity of charge for the standard
This method has an advantage o f eliminating the uncertainties in the 
geometric factors, and other data used in the absolute method although it might 
require a large number of standards to be analysed for the comparisons.
Validation of comparative method
The values for the net area produced by GUPIX of Dan32 were substituted in 
equation 3.9 to find the concentrations of the elements. For accuracy and precision of 
the analysis. Standard Reference Materials Peach Leaves (SRM 1547) and Tobacco 
Leaves (CTA-OTL-1) were analysed together with the samples.
Fig 3.10 shows the ratio of certified value over experimental value of 
elements in the two Standard Reference Materials. The experimental concentrations 
agreed well with the certified value (ratio approximately equal to one). Except for Cu 
in the peach leaves (having the lowest certified value) and Cl in the tobacco leaves 
(‘information value’), other elements were within 12% of the certified values.
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Fig 3.10: The ratio of certified over experimental values for Peach Leaves and Tobacco 
Leaves when the experimental concentrations were calculated by comparative method.
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Due to the lower percentage relative deviation of the elements in the 
comparative method compared to the absolute method the comparative method was 
preferred over the absolute method in the compositional determination of elements in 
the food samples analysed by PIXE.
3.2 Neutron Activation Analysis
3.2.1 Principle of Instrumental Neutron Activation Analysis (INAA)
Instrumental Neutron Activation Analysis is based on the detection and 
measurements of y-rays emitted from an element irradiated with neutrons. When a 
neutron is bombarded to a target the compound nucleus forms an excited state. Then 
it de-excites instantaneously to a ground state through the emission of prompt y-rays. 
In many cases, the isotope formed is radioactive, and hence decays generally by P' 
particle emission to another nuclide, which de-excites by emission of one or more 
delayed y-rays. The emission of delayed y-rays is a function of the half-life of the 
radionuclide, which could range from fractions of a second to several years. All of 
these y-rays are characteristic of the radionuclide formed and therefore of the 
element.
•  Beta 
Particle
Prompt 
Gamma rayTarget
Nucleus
Compound
Nucleus
Product
Nucleus
Fig 3.11: The diagram illustrating the process of neutron activation of a target 
followed by emission of y-rays (redrawn from 
web.missouri.edu/~glascockm/naa over.html
The sensitivity of INAA depends on neutron flux, the efficiency of the 
detector, irradiation time and the neutron cross-section of the elements in the sample. 
The irradiation time on the other hand is a dependent of the neutron flux and the half-
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lives of the isotope of interest, hi NAA isotopes with short half lives such as ^^Cu, 
^^Mg, ^^Mn, ^^Br, and ^^Ca aie determined by short irradiation, while ^^Fe,
^^Zn, ^^Se are determined by long irradiation and ^^ "’Se (with the shortest half-life) is 
noimally determined by cyclic NAA.
3.2.2 Neutron capture cross-section (o (E))
Neutron capture cross-section is defined as the probability that a target will 
interact with neution. It describes the apparent reacting area exhibited by individual 
interacting sites hence it is usually expressed in tenns of aiea (bam), where 1 barn = 
cm^. Neutron capture cross-sections are function of the energies of incident 
neutron, target nuclide and reaction channel. Generally, cross-sections of low energy 
neuti'on are higher than those for reactions involving high energy neutron, charged 
particles or photons.
3.2.3 Reaction rate
The neuron energy distribution in a nuclear reactor is a broad spectrum that 
consists of thermal, epithemial and fast neutrons. Thermal neutrons are low energy 
neutrons that are at thermal equilibrium with the moderator atoms. Their energy 
distribution follows the Maxwell-Boltzmann’s distribution with a given energy:
E = kT (3.10)
where k = Bolzmann’s constant
T = temperature o f the neutrons.
At room temperature the thermal neuti'ons have a velocity of a Maxwellian 
distiibution of 2200 m/s corresponding to energy of about 0.025eV. A Cd foil of 1 
mm thickness sets the maximum energy for the thermal neutron. The foil acts as a 
filter through which only neutrons with energies higher than 0.5 eV will pass.
The neutrons with energies above the threshold of O.SeV -  IMeV are 
classified as the epithermal neutron whilst the fast neuti'ons have energies up to 14
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MeV. The energy distribution for the epithermal neutrons follows — slopeE
beginning at the Cd threshold energy to about 1 MeV. In a research reactor the fluxes 
for epithermal and fast neutron are on the order of 2-3% and 7-10% respectively of 
the thermal neutron flux
The cross-section distribution functions for the epithermal neutrons are 
characterised by a number of resonance peaks (see fig. 3.12). Because of that, the 
neutron resonance integral (lo) given by equation 3.11 is used to refer to the 
epithermal neutron cross-section.
/ o = (3.11)
where o = neutron capture cross-section. 
E = energy of the neutrons.
10*
Resonance
Peaks
1/v region
Fast Neutron
1
NEUTRON ENERGY (eV)
Fig 3.12: Neutron cross section as a function of neutron energy (redrawn from
http://wAvw.tpub.com/content/doe/hl019vl/css hl019vl 113.htm)
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The neutron flux, 0 , (neutron cm’^ s"^ ) is defined as the products of the 
number of neutrons per unit volume and the neutron velocity. The neuron fluxes for 
each class of neutron (thermal, epithermal and fast) in a reactor may vary depending 
on the material used to .moderate the primary fission neutrons.
Thus the total reaction rate, R, of a particular element in the sample can be 
calculated from:
i? = ivj cr{E)^{E)dE
wholeenergy’
range
(3T2)
where R = rate of activation
N = total number of target nucleus given by: N  =
4 .
0 = fractional abtmdance of tai'get nucleus 
a  = cross-section of the activation reaction at energy E 
O = the flux of neutrons for the energy interval of E and E + dE 
Equation 3.12 can be separated into three teims according to the classes of neutrons 
in the reactor:
Since both thermal and epithennal neutrons can cause (n, y) reaction. Hence,
R = N  cr{E)^{E)dE + cr{E)<l){E)dE (3.14)
Therefore,
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R = N { a J , i , + I J ^  (3.15)
The resonance integral lo contains contiibutions from the resonance (f) as well as —
V
part of the distiibution.
4  + 4  (3.16)
The 1/v contribution depends on the Cd cut off value and was found to be 0.45oth for 
Ecd of 0.5eV Therefore equation (3.13) becomes:
R =  + 0.45cr,J) (3.17)
3.2.4 The neutron Activation Equation
As explained earlier, neutron activation produces radionuclide by absorption 
of incident neutrons. The rate of production and hence the growth in activity of the 
produced isotope is equal to the difference between the rate of formation and the rate 
of decay. Therefore,
= R -  X n  (3.18)dt
where n = number of isotope produced
R = the reaction rate given by equation (3.17)
X = the decay constant for the product isotope 
By solving equation (3.18), the number of decaying atoms produced after 
iiTadiation time t, may be calculated as
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My )) (3.19)
The decaying atoms measiu'ed after a waiting time t^ following the irradiation is
«rf =M, G xp(-Ar,J
Therefore,
= - j ( l  -  exp(-Af,))exp(-Ar,J (3.20)
The decaying atoms at the end of the counting time tc is given as
= y ( l  -  exp(-Ar,.))exp(-Ar,J(l -  exp(ArJ) (3.21)
The detector response (the net peak area) which depends on the branching ratio Py 
and the absolute detector efficiency (e) is given as:
K  = J'P^^(l-exp(-/l/,.))exp(-;i;„)(l-exp(-;i/J (3.22)
Substituting R in equation (3.22)
i V ^ P y g f l w „ a - , „ [ 4  + ( 4 ^ , . ( g o  + 0 - 4 ^ ] f f l ) C
where Nc = Net peak area
Py = intensity of the y-ray of interest 
s = photo peak efficiency of the detector 
nia = mass of the element in a sample 
0 = natiual abundance of target isotope 
Aw = atomic mass of the isotope 
Na = Avogadro’s number
Q o = - ^
S = saturation factor (l-exp(-Xti)),
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D = Decay factor (exp (-Xtw)
C = Decay during counting factor = (1 -exp (-Xtc)/X 
Equation 3.23 could be used to calculate the elemental concentrations of the 
iiTadiated samples.
3.2.5 Measurements of y-rays
In INAA a sample is placed in a reactor that bathes the sample in a flux of 
neutrons and the elements within the sample absorb neutrons to fonn gamma-ray 
emitting radionuclides. The sample is removed from the reactor and gamma 
spectrometry is employed to identify the elements present in the sample and to 
deteimine their concentrations.
3.2.5.1 Irradiation and counting procedures
The optimisation of scheme of analysis involving iiTadiation time, decaying 
time and counting time depends on the neutron flux, mass of the sample, half-life of 
the isotope of interest and the efficiency of the detector. To determine as many 
elements as possible, one has to compromise among the optimal schemes for 
different elements of similai* half-lives.
a. Short irradiation
Times varying between 1 s to 20 min depending on the type of sample and 
the neutron flux are normally applied for short iiTadiation For biological
samples, a decay time of at least 5 min is recommended to decrease ^^Al to half its 
value so that to reduce the background and increase the sensitivity for longer lived 
elements However, this will depend on the number of samples one wants to 
analyse, the expected concentration of A1 and the half life of the element of interest 
in the sample.
In this thesis, a detection scheme for short iiTadiation of food samples was 2 
min, 10 min and 10 min whilst for hair samples the scheme was 1 min, 10 min and 
10 min for the irradiation, decay and counting times respectively.
6 6
b. Long irradiation
For long iiTadiation, an inadiation time of 1 hour to several houis is 
suggested for good statistics In the present work the samples were irradiated for 2 
hours followed by 4 days of decay and 30 min counting to deteimine the 
intermediate lived isotopes. For long-lived isotopes, the samples were counted after a 
month of decay for 2 hours.
3.2.S.2 Multi-elemental Standards (MES)
The comparative method as the one used in this thesis needs a sample to be 
iiTadiated with a comparator in the same conditions. The comparator could be a 
selected certified reference material (CRM) that has a matrix almost the same as the 
sample. However, the lai'ge uncertainties of concenti*ations o f elements in CRM 
could introduce eiTor and limit the analytical accuracy. Fuitheimore, it might become 
difficult to analyse unexpected elements, which ai*e not certified in the standard 
unless one use multiple standards. Macroactivity of some elements in a standard may 
make it difficult to ensure identical iiTadiation and coimting conditions for standard 
and samples. Therefore, application of MES (instead of standard reference material) 
as a comparator is reported to be more convenient
MES are prepai-ed by pipetting a known amount of element in solution on to a 
filter paper or other suitable medium such as Polyethylene (PE) foil. They are then 
allowed to dry at room temperature. The mixing of element in one MES will depend 
on the half-lives and other nucleai' chai'acteristics of each activation product. Caiefiil 
measuies ai*e taken not to mix elements that may result into interferences. For 
instance, Fe and Mn or P and A1 aie usually not put together. Under the same 
experimental conditions, the total activity of the MES is prepared to be close to the 
activity of the measured sample. That is, the MES are prepared in such away that 
they produce similar dead time with the sample. Moreover, the chemical properties 
of the elements are also taken into consideration when preparing MES. For example, 
Ag and Cl are never mixed as they result into insoluble precipitate of AgCl.
In this thesis tlnee sets of MES were used in the short irradiation of food and hair 
samples. The first set consisted of Na, Cl, Mn, Br, Sr, the second consisted of Mg,
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Ca, Ti, Cu, Zn, Dy and the third set consisted of Al, K, V, I, Ba, U. Together the 
three sets allowed tire detemiination of 17 elements normally obtained from short 
irradiation.
3,2,5.3 Spectral background
Fig 3.13 illnsti'ates a typical INAA spectrum of food sample collected for 10 min 
by CANBERRA-Genie-2000™ software programme after irradiation of 2 miir using 
a flux of 3x10^^ n cm'^ s'^  and 10 min decay time.
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Fig 3.13: A typical spectrum of rice sample collected for 10 min.
The backgroimd oir which the full energy photopeaks are standing is mainly due 
to the interaction of y-rays with the detector. The main contributioir to the 
background iir INAA is from:
• Detector Compton scattering. The Comptoir scattering events in a detector 
is the main producer of the coirtinuum background in INAA. When a y-ray of 
energy between 150 keV -  9 MeV interacts with the Ge detector it may 
imdergo Compton scattering to produce a continuiirg backgroimd at low 
energies of < 250 keV.
• Back scattering. The y-rays before entering a detector might be Compton 
scattered by the suiTounding materials to produce a broad peak of
68
backscattered radiation at low energies. However, Pb shielding of the detector 
normally reduces this contribution.
• Natural radioactivity. Contribution from the natural radioactivity decreases 
with detector shielding.
• P" particles. I s o t o p e s  p r o d u c e d  i n  t h e  a c t iv a t io n  o f  s a m p le s  u s u a l l y  d e c a y  b y  
e m i s s i o n  o f  P" p a r t i c l e s  w h i c h  w h e n  in t e r a c t in g  w i t h  s u iT o m id in g  m a t e r ia ls  
e m i t  b r e m s s t r a h l im g  r a d ia t io n .
3.2.5.4 Interference
In INAA for biological samples, there ar e two main interferences which if  not 
corrected might introduce eiTor to the determined elemental concentrations.
a. Interference from primary reaction
Fast neutrons in a reactor may result into (n, p) and (n, a) reaction that might 
produce the same isotopes as those produced from (n, y) reaction of thermal neutron. 
For example, ^^Al may be produced by the following three reactions:
^^ Al + n -----► [^ ^Al]  ► ^^ Al + y
28gi^n ----- ► [29si]  ► 28^1+ p
^^ P + n  ► [^ P^]  ► ^ A^l + a
The effect of this type of interference is a function of the relative 
concentrations of the isotopes in a sample as well as the ratio of fast/thermal flux 
within the reactor. The primary reaction interference normally occurs when the 
interfering element has much higher concentration than the measured element. In this 
thesis correction was carried out for the measured elemental concentration whenever 
the concentration of the interfering element was >1% A standard containing 
known amounts of the interfering element and no or very low concentration of 
rneasined element is prepared and irradiated. Since the contribution from the
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measured element to the produced isotope is negligible, then the contribution of the 
interfering element is calculated in terms of a ratio. This ratio is used to normalise 
the concentration of the interfering element in the samples with the two elements. 
The difference between the concentration of the measured element and the 
normalised concentration of the interfering element is the correct value of the 
measured element. The correcting ratios of different elements used in this thesis are 
shown in Table 3.1.
Table 3.1: The interference from the primary reactions and their corresponding 
correction factors (pg/g per 1% of interfering element). The flux ratio of thermal to fast 
neutron = 10%.
Primary reaction interference Correction factor
(n, a) ^A1 10.43
(n, p) ^A I 32.18
^S i (n, a) 1.11
"W l(n ,p ) ""Mg 106.1
""A l(n ,a )"V a 1.75
"'"Mg(n,p)"^Na 3.307
b. Spectral interference
This takes place when two isotopes emit y-rays of the same, or nearly the 
same energy. For instance, both "^^ Cu and "^^ Na produce 511 keV peak. Thus this peak 
produced when a sample containing the two isotopes is counted will have 
contributions from both isotopes. CoiTection for this interference follows the same 
procedures as those explained for primary reaction interference.
Another example of spectral interference is from umesolved close peak lines. 
A peak from ^^Mn (846.7 keV) may interfere with a peak fi'om ^^Mg (843.8 keV)
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because their energies are too close to be properly resolved by Ge detectors of 
normal resolution. Since both isotopes produce more than one peak line, to avoid 
error, other peak lines for each isotope ai*e used even if  they have lower intensity 
than the interfered peaks.
3.2.S.5 Minimum Detection Limit
In INAA several definitions of MDL have been proposed but the most 
common one is that by Currie which can be wiitten as
MDL = 4 .65a/5  + 2.71 (3.24)
In this thesis MDL was calculated from its simplest using equation 3.4:
M D L= i 4 b
MDL in INAA is sti'ongly affected by spectrum continuum backgi'ound 
mainly from Compton scattering and P' bremsstrahlung continuum energy which has 
been explained earlier. In biological samples where elements such as Al, Na, K and 
Cl occui* in percentage levels, high Compton continuum from these elements will 
raise the MDL of elements such as Br, Mn, Sc, Zn and Cu normally present in minor 
levels. The background from p' bremssti ahlung does also affect the analysis of minor 
elements in a sample. As an example, ^^Cl emits p" of energy up to 4.9 MeV, which 
depending on the concentration of Cl in the sample, might decrease the sensitivity for 
the determination of (3104 keV). Biological samples contain also P (P‘ emitters) 
in percentage levels, which result into more backgi’ound effects on MDL particularly 
at higher energies.
Table 3.2 illustiates the MDL for 12 elements in peach leaves determined by 
short iiTadiation INAA. As the table shows, the technique is very sensitive for Mn, 
Br, Dy, V and I.
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Table 3.2: The minimum detection limits for elements in Peach Leaves (SRM 1547) 
determined by short irradiation INAA.
Element
y - energy 
(keV)
MDL
(Hg/g)Na 1369 5
Cl 2168 4
Mn 1811 0.07
Br 617 0.97
Sr 388 15
Mg 1014 75
Ca 3086 42
Cu 1039 4
Dy 95 0.03
Al 1779 3
K 1525 237
V 1434 0.09
I 443 0.27
Ba 166 6
3.2.6 Detection of y-rays
The most common detectors used for INAA analysis are the Ge detectors 
(Ge(Li) or Hyper Pure Ge detector (HPGe)) due to their superior resolution to 
separate y-ray lines of close energies. Samples are placed on a sample holder and 
positioned at a certain distance from the detector. The optimum sample to detector 
distance will depend on the activity of the sample. That is, samples are placed at a 
distance above the detector that will produce low dead time and enough counting 
statistics within the scheduled collecting time. In this study the sample to detector 
distance were 5 cm for food samples and 3 cm and 2 cm for short and long counting 
of hair samples respectively which produced dead time of less than 10% for food and 
less than 20% for hair samples.
A vertical Ge detector as the one used in this study is very sensitive to a small 
change in the counting position. This is because a change in the sample position will 
alter the solid angle, which in turn will produce a different absolute efficiency of the 
detector. The same argument applies to the volume of the sample and standai'd. A 
small change in volume of the sample, particularly the height, will affect the 
accuracy of the detection. Because of that, it is cmcial for the sample and the
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standard to be in the same geometry (volume and position). The solid angle and the 
position of the sample are related by inverse square law;
Q «  (3.25)
Hence, in this study a great care was taken to retain nearly identical geometry 
between samples and standards. The samples were inserted into thin disc shaped 
capsules made from polythene (PE) foil of 0.1 mm thick and heat sealed. The 
diameters of the discs were 25 mm matching the volume of the multi-elemental 
standards (elements evaporated on PE foil) used as comparators. The use of a flip up 
sample holder ensured the intact position of the samples through out the counting.
Fig 3.14: Sample inserted into a thin disc of polyethelene material.
3.2.7 Data analysis
The most common packages used for gamma analysis are the ORTEC- 
Gamma Vision and CANBERRA-Genie™ 2000 gamma analysis software. 
Both provide for a complete analysis of gamma ray spectra obtained from any type 
of gamma detector. They identify the peaks, produce a list of background, net area, 
counting uncertainty and net count rate for all peaks in the spectrum. They also 
calculate the average activity of the nuclides in the samples using the half life of the 
nuclides to correct for decay during waiting and counting. The average activity of 
each radionuclide is based on each gamma-ray energy in the library, the minimum
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detectable activity for each peak energy of all the radionuclide in the libraiy and their 
intensity ratio.
From the reports on activity produced by the software, concentrations of the 
elements in the samples can be calculated by using either of the three methods 
discussed below. These methods include absolute, Kq and comparative methods.
3.2.7.1 Absolute method
As described for FIXE, this method involves the use of the hindamental 
equation without using any standard for the determination of elemental 
concentrations. Hence it relies on the accuracy of the nuclear data from the literature 
and the detector efficiency. Values for the thermal neution cross-section and the 
resonance integral used in this thesis were obtained from IAEA electronic nuclear 
data base
Equation 3.26 was used to give mass of the atom in the sample as:
+ A p ,(a  +0.45)]5»C (3.26)
Accuracy and precision
Duplicate samples of Peach Leaves (SRM 1547) each of mass 80 mg were 
irradiated and counted at the Imperial College Reactor Centre using the In-Core- 
hTadiation-System (ICIS). In this system the irradiation of the samples is carried out 
at the centre of the reactor core, where the liighest neutron flux is available. The 
samples and standards were iiradiated sepaiately in polyethylene (PE) container of 
diameter 1.5 cm and height 1 cm (Si) placed in a bigger PE (Se) container of 
diameter 1.8 cm and height 6.8 cm. The thermal and epithermal flux in the core is 
2.12 X 10^  ^ neutrons/cnfs and 1.15 x 10^  ^ neutrons/cnfs respectively. The samples 
were short irradiated for 5 minutes, with a waiting period o f 2 minutes before 
counted for a live time of 5 minutes at 5 cm from a Ge(Li) detector of 18% relative 
efficiency. The energy calibration was done on a daily basis using "^^ ^Am, ^®Co, ’^^Ba
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and natural thorium, which cover a wide range of gamma-ray energy from 60 keV to 
1588.19 keV. The activity acquired and calculated by ORTEC- Gamma vision 
was then plugged into equation 3.26 to calculate the concentrations of the elements.
One of the important pai*ameters needed for the absolute method 
compositional analysis is the efficiency of the detector. Therefore, calibration of the 
full energy photo-peak efficiency using and ^^^Eu calibration sources in S2
container placed at 5cm from the detector and counted for 5 minutes as the samples 
was carried out before counting. The efficiency curve for the detector was plotted 
using Gamma Vision software incoiporated within the pulse height analysing system 
The experimental efficiency data were fitted using linear' and quadratic functions 
for below and above the knee values respectively.
The efficiency equations that were used to calculate the efficiency for each 
element in the samples were as follows:
Above the knee: In (efficiency) = -2.42 + (5.33E-02 In(E)) -  7.41E-02 (ln(E))^ 
Below the knee: In (efficiency) = -12.72 + 1.95 ln(E)
The ratios of the cei*tified concentr ation to the exper'imental values found in 
this study are shown in fig 3.15. The exper'imental values for elements in the 
standard were within 22% of the certified values. The highest %deviation was that 
for Ca and Sr (22% and 21%) respectively. The activity for ^ "^"Sr (388.4 keV) used to 
calculate the concentration of Sr was determined with liigh experimental error of 
28% and in only one o f the samples, which might indicate poor counting statistics. 
Since ^^ ""Sr has half life of 2.8 hours, its counting statistics could have been 
improved if the samples were allowed to decay for a longer period to reduce the 
activity of major isotopes in the sample such as ^^Al and ^^Mg.
High uncertainty of the deter-mined element shown by the eri'or bars might 
have also been contributed by the uncertainty of nuclear data used in this method. 
Vanadium, which has the lowest certified value, was found to have the highest 
uncer-tainty (11%).
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Fig 3.15; The ratio of the certified to experimental values of Peach leaves determined 
by absolute method. The highest deviation from the certified value was for ^^ Ca (24%).
3.2.10 The Ko method
This is a development of a single-comparator method, in which analysis is 
perfoimed by irradiating and counting a sample together with a single element 
(comparator) instead of using standards prepaied from Imown weights of elements to 
be deteimined. The Kq method combines the simplicity of the absolute method with 
nearly the same accuracy attained in the relative methods. In conti*ast to the 
compai'ative method, ko method does not require a large number of standards for the 
comparisons. The preparation, irradiation and measurement of a large nimiber of 
standards as that required by comparative method are time consuming and may 
introduce errors.
According to Simonitis et al. (1980), the specific count rate Asp is given as
SDCm. (3.27)
Substituting the mass (lUa) of the element in a sample given by equation 3.26 in 
equation 3.27:
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A p  -
N^P^Ôsa^,, (Ôo + 0.45)] (3.28)
The ratio of the specific count rates of the sample to that of a comparator is
+% (G o+ 0 45% 
+0-45) (3.29)
Multiply equation (3.29) by ^ , then
Pe
K. % , / % + ( G o + 0 - 4 5 ) ,  PtiJPe +(2o +0-45)^ (3.30)
If we define
-^0 - (4 J /4 ^ ° 'o ) .T(A,),(Pr^O-o)y (3.31)
Substituting equation 3.27 and 3.31 in equation 3.30
9th l< P e^  (Go + 0-45) ^  
9aJ 9e + (Qo + 0.45) (3.32)
Therefore the ratio o f the mass of the element (x) to the mass of the of the 
comparator element (y) is given by:
(»tp)., (SDC)^[f + (QAa)]y , , ( N X  4   ^ 1 
(m„), (5 » C )J / + (a (a )] , ( # J ,  g, K„ (3.33)
Awhere f  = —^  = thermal to epithennal neutron ratio.
Since in most cases the epithermal neutron spectra deviates from 1/E law and 
therefore Qo has to be conected for the deviation as:
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where Q o (a) = corrected Q o
a = epithermal shape parameter 
Er = effective resonance energy (eV)
Ecd = Cd cut-off energy = 0.55 eV
The K o  and Q o values are literature values, which can be taken from the 
compilation of De Corte and Sinionits These are experimentally determined 
values obtained fr om iiTadiation of known amounts of the elements together with Zr 
wire or Al alloy of gold foils and am reported with <1% relative eiTor for many y-ray 
lines. If the flux characteristics ai’e known to remain constant over a long period of 
time, f  and a  can be detennined once and taken as constant. The values for a and f  
were obtained fr om the Imperial College Reactor Centre database. These values were 
experimentally determined in December 2005.
Accuracy and Precision
The gold standard of mass 100 pg was pipetted on to a filter paper and short 
irradiated together with two samples of Peach Leaves (SRM 1547) using the ICIS 
facility of the Imperial College Reactor Centre. The irradiation and counting 
procedures were the same as described for the absolute method.
The experimental concentrations compared well with the certified value 
within the accuracy of 1-17%. This was found to be a better accuracy than that 
obtained by the absolute method in which the experimental values were within 22% 
of the certified values. The ratios of the certified concentration to the experimental 
values found in tins study are shown in fig 3.16.
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Fig 3.16: The ratio of the certified values to the experimental value of Peach leaves 
(SRM 1547) obtained by Ko method. The highest deviation was for ^^ Mn 17%.
3.2.7.2 Comparative method (relative method)
A compai'ative method in INAA uses the same principles as those explained 
for PIXE. This involves the iiTadiation of the unknown sample and a standard 
containing a known amount of the element of interest under the same conditions. The 
equation used to calculate the mass of an element in the unknown sample relative to 
the comparator standard is:
C —C^sam ~  ^std (3.35)
where A = activity of a sample (sam) and standard (std)
m = mass of the element in sample (sam) and standard (std)
C = concentration of the element in sample (sam) and standard (std)
This method has an advantage of eliminating the uncertainties from nuclear data 
and geometiic factors used in the absolute method.
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Accuracy and precision of the method
Six samples of certified hair reference material GBW 07601 (National 
Research Centi'e for Certified Reference Materials, China) and three samples of 
peach leaves (SRM 1547) were irradiated together with the samples. The 
GBW07601 was analysed with the hair samples by short and long inadiation whilst 
the SRM 1547 was analysed together with food samples by short irradiation. For 
short iiTadiation, samples and standards were irradiated in the active core of a nuclear 
reactor of Nuclear Physics Institute Rez, Czech Republic. The inadiation was 
carried-out using a pneumatic tube system with 3 seconds transport time in a chamiel 
with neutron fluence rate of 3x10^^ n cm'^ s‘  ^ and 4.6x10^^ n cm'^ s'  ^ for thermal and 
fast neutrons, respectively. After iiTadiation, the capsules, (which contain the 
samples), were surface washed with water and ethyl alcohol and counted using well 
shielded n-type hyper pure germanium detector (HPGe) of relative efficiency 20.8% 
and resolution (FWHM) 1.75 keV for ®“Co 1332 keV line.
Whereas, in the long iiTadiation, standards were iiTadiated together with 
samples in a water-cooled Al can in a channel located at the outskirts of the reactor 
core with neuti'on fluence rate 8x10^^ and 2x10^^ n cm s'^  for thennal and fast 
neutrons respectively. After the inadiation, the standards were counted in a shielded 
p-type HPGe detector of relative efficiency 20.8% and resolution 1.75 for ^°Co 1332 
keV line.
The concentrations of the elements were calculated by comparative method using 
MBS instead of CRM as been explained in section 3.2.5.2. The experimental 
concentrations for both standaids were well comparable to the certified value. The 
experimental concentrations were witliin 15% of the certified values for GBW07601 
hair standard (Table 5.4) and 10% for Peach Leaves.
Fig 3.17 shows the ratio of the certified to the experimental values as a flmction 
of atomic mass for peach leaves. As in the case of absolute method, the highest 
uncertainties were found for elements certified to have low concentiations.
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Fig 3.17: The ratio of the certified values to the experimental value for Peach Leaves 
(SRM 1547) calculated by comparative method.
In this thesis the comparative method using MES was adopted for the 
deteimination of sample elemental concentrations of the data analysed at the reactor 
of Nuclear Physics Institute Rez, Czech Republic. Due to time constiaints which 
would not allow for the analysis of a lai'ge number of standards, the Ko method which 
was found to be more accurate than the absolute method for samples analysed at the 
hnperial College Reactor Centre ( 1 7 %  K q and 2 2 %  absolute method) was used to 
calculate the concentration of the elements.
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CHAPTER FOUR 
4.0 Analysis of Food
Two staple foods for children in Tanzania (maize flour and rice) have been analysed 
for trace elemental levels. The grain contents of nutrients in the foods were evaluated 
in relation to the phytic acid/phytate contents so as to assess the bio availability of 
these elements in the staple foods for childien. In this study, the concentration of 
phosphorous was taken as an indicator of phytic acid in the foods because this 
compound is a storage fonn of P in seeds. As has been mentioned earlier, about 80% 
of P in maize and rice exists as this compound
The analysis has been carried out using PIXE at the University of Suirey Ion 
Beam Centre, INAA at the Imperial College Reactor Centre, U.K and INAA at the 
Nuclear Physics histitute, Rez, Czech Republic. Results are presented according to 
the technique used for the analysis.
4.1 The staple foods
Researchers in food consumption in rural and urban Tanzania have identified 
food from maize flour and rice as the main staple foods consumed by all 
socioeconomic classes in Tanzania Maize and rice each account for roughly 
30% of total staple food expenditure on average However, the rural population 
eats more maize and less rice than the urban population The consumption of rice 
in Tanzania can be associated with increased urbanisation and economic growth. The 
lowest income group in the urban area spends only 9% of its staple food budget on 
rice compared to the richest in iiual aiea which spends ai'oimd 34% A  survey 
carried out by Mazengo (1997) in Ilala distiict, Dar es Salaam indicated that the 
dietary intake of the two staple foods especially rice differ markedly between rural 
and urban populations. While the urban population consume on average about 7.9% 
of the total food consumed per day, the ruial population consumes only 3.9%. At the 
same time the urban intake of food fi.*om maize floui* is lower (6.6%) compai ed to the 
mral intake of 10%
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Furtheimore, surveys on the dietary habits have observed that nutiient 
compositions of the diets for most of Tanzanian populations are dominated by 
carbohydrates. Meat, fish, milk and other high-protein foods are used only 
occasionally and mainly in the uiban areas, while green leaf vegetables, peas or 
beans are noimally used as relish The surveys indicated further that tea is 
commonly used as drink with the meals especially when no relish is available
Maize, as the major cereal consumed in Tanzania, is cultivated in all regions 
of Tanzania, occupying 45% of the cultivated area. It is mostly giown (46% of total 
cultivation) in the southern highlands (Mbeya, Iringa, Rukwa), the Lalce Zone 
(Kagera, Mwanza, Maia and Shinyanga) and Northern Zone (Arusha, Kilimanjai'o). 
It is estimated that the annual national maize consumption is approximately 3 million 
tons which is about 75.5 kg capita’  ^ year'^ The maize plant has a high demand 
for nutrients, particularly nitrogen and phosphorous for growth. The Tanzanian soil, 
wliich is nitrogen and phosphoms deficient cannot fiilfil this nutritional demand 
from soil-cultivation. For this reason, the growing and optimal production of maize 
has to be supplemented with the use of nitrogen and phosphorous fertilizers. In 
Tanzania, four different types of fertilizers aie used in the maize production. These 
include calcium ammonium nitrate, di-ammonium phosphate, tri-ammonium 
phosphate and urea. The direct use of phosphate rock has also been practiced for a 
long time in the traditional farming practices in Tanzania. Nevertheless, the use of 
fertilizer varies between regions, depending on the level of fertility of the soil. 
Fertilizers aie used mostly in the highlands, because the land is less fertile due to the 
continuous erosion of the soil during the rainy seasons.
Rice is another staple food which is estimated to be consumed by 60% of the 
population and its annual national consumption is approximately 1 million tons 
Rice is estimated to be consumed at a rate of 20 kg capita'^ year'^ The main rice 
production regions are Shinyanga, Morogoro and Mbeya which distribute their 
products in all areas of Tanzania. Rice is traditionally grown in low wetlands and 
river valleys using irrigation fed by springs and river diversions. The wetlands are 
noimally characterized by fertile soil of vaiying properties, which will not 
necessarily need the application of fertilizers.
83
4.2 Sample collection
A pre-sample collection survey was canied out in Dar es Salaam to identify 
the main sources of rice and maize floui" in Dar es Salaam food mai'kets. It was 
realised that maize from other regions in Tanzania is brought to Dar es Salaam to be 
milled, packed and distributed within the country or exported to the neighbouring 
countries. The main supplier was reported to be the Aiiisha region which is said to 
produce the best quality of maize for milling because the maize is hard and dry. 
However, the maize surplus in Ainsha does not always fulfil the demand which 
brought maize fr om Mbeya in the market whenever there is a need for more supplies.
Mbeya, Morogoro and Shinyanga regions were found to be the main 
providers of rice in the food markets. Qualitatively, rice from Mbeya is classified as 
the best, rice from Morogoro the second and rice from Shinyanga the last. This 
classification is based purely on the physical appearance of the rice and how it tastes 
when cooked. As expected, this classification raised the price of rice fi'om Mbeya in 
such away that it is not affordable to the low-income population. For that reason, rice 
fr'om Shinyanga was found to dominate the markets located at the low-income 
population areas and rice from Mbeya dominated the markets in the city centre.
In this study, 100 samples between 50 to 100 g of rice were collected fr'om their 
source of cultivation, which were Mbeya, Morogoro and Shinyanga regions. 
Samples, which were said to have come from the same origin, were purchased at 
different markets in Dar es Salaam. At the same time, 80 samples of maize from* 
(mass 70 -  100 g) were collected fr om different districts of Mbeya and from the mills 
and shops in Dar es Salaam. Map 1 in the Appendix 1 shows the sampling stations.
For the purpose of comparing, 5 samples of imported rice from Thailand were 
also purchased in shops in Zanzibar. This rice is noimally cheaper in price and found 
mostly in markets of low income population in Dar es Salaam and in most of the 
markets in Zanzibar.
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4.3 Sample preparations
The samples (grains) of rice were mixed thoroughly using a pre washed with 
double distilled water polyethylene spatula before being sub-sampled into samples of 
20 g. Then the sub samples were each ground using an agate pestle and mortal" into 
fine powder (size < 0.074 nun), placed into tight pre-cleaned plastic containers, 
labelled and kept in desiccators. Similarly to the rice, the maize flour samples were 
mixed by the spatula, sub-sampled into samples of mass 10 g, ground into finer 
powder, put into tight polyethylene containers and kept in desiccators.
hi this thesis the samples were analysed using three different facilities; PIXE 
at the University of Suirey Ion Beam Centre, INAA at the Imperial College Reactor 
Centre (ICRC), U.K and INAA at the Nuclear Physics Institute (NPI), Rez, Czech 
Republic. Therefore the samples were prepared according to the requirements of the 
analytical technique.
4.3.1 Sample preparation for PIXE analysis
The rice and maize flour samples in the polyethylene containers were again 
mixed thoroughly with the spatula and sub samples of mass -50  mg were 
compressed into pellets of diameter 5 mm to give reproducible irradiation and 
counting geometry. The samples were stuck on 3 mm thick aluminium plates using 
double-sided adhesive tape and were carbon coated by vacuum carbon evaporation 
and then graphite was tagged on each side of the pellets to ensure a good passage of 
charges. Sixteen samples were placed onto the aluminium plate together with 2 
standard reference materials; NIST Peach Leaves (SRM 1457) and Tobacco Leaves 
(CTA-OTL-1) for quality assurance.
4.3.2 Sample preparation for Ko analysis at ICRC
Thirty four samples of rice and maize flour each of mass -250 mg were 
analysed at the Imperial College Reactor Centre using the In-Core-Inadiation- 
System (ICIS). The samples were placed in containers known as S2 which were then 
inserted in So and a folded filter paper was placed on top of S% to maintain a constant 
position before the container was thermally sealed. A gold standard of mass 100 pg 
was pipetted from standard gold solution (An in 10% HCl) into a filter paper and
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allowed to dry at room temperature. The filter paper was then placed into S2 as with 
the other samples.
4.3.3 Sample preparation for comparative method at NPI
One hundred samples of rice and maize flour each of mass ~150 mg were 
inserted into thin disc shaped capsules made fi'om I mm thick PE foil and heat- 
sealed, The diameters of the discs were 25 mm, together with its thickness matched 
the volume of the multi-elemental standai ds (elements evaporated on PE foil) used as 
comparators. The disc of the samples and the MES were separately wrapped into a 
plastic foil to protect the samples from any contamination and placed in the PE rabbit 
for mediation.
4.4 Sample analysis
In this section sample analysis is presented according to the technique used. 
Comparison will be made on the MDL of the elements found from each technique.
4.4.1 Sample analysis for PIXE
Samples of rice (n = 71) and maize flour (n = 56) were irradiated by a proton 
beam of size 3 x 4  pm^, cmrent -200 pA and energy 2.5 MeV. The samples were 
iiTadiated for 10 minutes scaiming an area of 1.5 x 1.5 mm^ of the pellets. The 
characteristic x-ray spectra were collected by an 80 imn^ Si(Li) detector of resolution 
160 keV at 5.9 keV (with a Be filter of thickness 130 pm) placed at 135° to the beam 
and 25 cm from the samples. The RBS spectra were collected using a Si(Li) detector 
placed at 160° and 30 mm fr'om the samples.
A sample of NIST Peach Leaves (SRM 1457) from each plate was used as a 
compai'ator to the samples analysed together on the same plate to ensure the same 
analytical conditions. Net aieas from GUPIX of Daii32 package were used to 
calculate the concentiations of elements in the samples using the comparative 
method explained in Chapter 3. This set-up allowed the analysis o f P, Cl, K, Ca, Cr, 
Mn, Fe, Cu and Zn. Typical PIXE spectra for rice and maize flour are presented in 
the Appendix 2.
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The MDL for elements found in rice and maize flour determined by PIXE 
were calculated using equation 3.4 and are presented in Table 4.1. The value were 
low for elements of Z number between 2 3 - 3 0  (Cr -  Zn) and was the lowest for Cu. 
Except P and Ca the MDL were slightly higher in rice than in maize flour.
Table 4.1: The MDL (pg/g) of elements determined in rice and maize flour irradiated 
for 10 minutes with a proton beam of energy 2.5 MeV,
Element
MDL (pg/g)
Rice
Maize
flour
P 58 86
Cl 20 26
K 10 12
Ca 13 25
V 3.7 3.5
Mn 3.8 3.6
Fe 2.8 3.0
Cu 2.9 2.0
Zn 3.7 3.5
Cr 3.9 3.6
Br 16 15
M D L  =  2V b
4.4.2 Sample Analysis for INAA
Short iiTadiation INAA of 134 samples (63 samples of rice and 71 samples of 
maize flour) was carried out in two reactor centres. 34 samples were analysed at the 
Imperial College Reactor Centie (ICRC) in the U.K while 100 samples were 
analysed at the Institute of Nuclear Physics (NPI) in Rez, Czech Republic. Under this 
teclmique, Na, Mg, Al, Cl, K, Ca, V, Mn, Cu, Br and I were determined and are 
reported.
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The two reactor centres used in this thesis applied two different schemes of 
analysis. At ICRC samples were irradiated with neutrons of thermal and epithermal 
flux of 2.12 X 10^  ^neutrons/cm^s and 1.15 x 10^  ^ neutrons/cm^s, respectively, for 5 
minutes, waited for 2 minutes and cormted for 5 minutes. Wliile at NPI samples 
were irradiated with neutrons of thermal and epithemial flux of 3.0 x 10^  ^
neuti'ons/cm^s and 8 x 10^  ^neutrons/cm^s, respectively, for 2 minutes waited for 10 
minutes and counted for 10 minutes. The neutron flux density was one order of 
magnitude higher at NPI than at ICRC.
The neutron flux directly influences the number of isotopes produced within a 
target sample which in turn affects the number of counts produced in the detector. 
Equation 3.23 shows the relation between the neutron flux and the net full energy 
photo-peak area (net counts recorded by the detector). The use of higher neutron flux 
produces a bigger number of counts which will result into a better statistics and 
lower MDL values for analysed elements than the use of less neutron flux. For that 
reason, lower MDL values for elements were expected to be attained when analysed 
at NPI compared to ICRC.
It was mentioned earlier that the decay time was 2 minutes at ICRC in 
contrast to 10 minutes at NPI. A short decaying time enables better detection foi- 
short lived isotopes such as (t >/^ = 3.74 min), which are from tiace elements in 
biological material. A long decay time (multiple of half life) may reduce the activity 
of these isotope in such a way that their counts will not be enough to considered as a 
tme photo-pealc (below MDL). However, a long decay time will also give time for 
short lived isotopes (such as Al which are found in high concentrations in biological 
samples) to decay and reduce their activity which will in turn lower the background 
and the MDL for the long lived isotopes.
At ICRC the concentiations of the elements in the samples were calculated 
using the Kq method (equation 3.33) which necessitated knowledge of detector 
efficiency as well as accurate energy calibration of the detector. These were canied 
out as explained in Chapter 3. The energy calibration was performed on a daily basis 
before counting the first sample of the day. The background spectra obtained fiom an
empty S2 container inadiated and counted at the same geometry as the sample were 
used to find the backgiound activities of the elements which were subtmcted from 
the total activity to give the net activity of the elements in the sample.
At NPI the samples were iiTadiated in the PE rabbits. After irradiation, the 
capsule was taken out of the rabbit, unfolded fi'om the plastic wrapper and surface 
washed with water and ethyl alcohol to remove any surface contamination. The 
samples were counted for 10 min after waiting for 10 min using a well shielded n- 
type HPGe of relative efficiency 20.8% for ^^Co 1332 keV line. The compositional 
analysis of the samples was carried out using the comparative method with MES as 
comparator using equation 3.35. The contributions given by interfering reactions of 
the (n,p) and (n,a) type were corrected using correction values indicated in Table 3.1. 
The corrections were carried out for Na corrected for Al and Mg, for Mg corrected 
for Al and for Al corrected for P. The concentrations for P in both foods used for 
correction were values obtained by PDCE analysis in this thesis, where no correction 
was required since there is no interference.
The MDL of elements determined at both reactor centres were calculated 
using equation 3.4 (MDL = 2Vb ) and are presented in Table 4.2. It can be seen in the 
table that isotopes with long half lives (^^Na, ^^Mn) and intermediate half-lives
(^^Cl and ^^ 1^) had the expected lower MDL when analysed at NPI than when 
analysed at ICRC. At the same time the MDL for shor-t lived isotopes (^^Al, and 
*^ C^u) were lower when analysed at ICRC with a shorter decaying time than when 
analysed at NPI.
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Table 4.2: The MDL (pg/g) for elements in maize flour determined at ICRC and NPI 
calculated by equation 3.4
Isotope Half-life(min)
MDL( mg/g)
ICRC NPI
897.54 6 2
"M g 9.46 29 31
®^AI 2.24 0.1 2
38ci 37.24 5 2
" K 741.0 395 155
8.72 42 27
""V 3.74 0.01 0.05
154.8 0.5 0.2
^Cu 5.12 1 2
®°Br 17.68 0.2 0.3
128|
24.99 0.8 0.1
M[DL = 2VB
4.5 Results
4.5.1 Rice samples analysed by PIXE
The mean concentiations of elements foimd in rice grown in Tanzania are 
shown in Tables 4.3. The concentrations are presented according to the regions in 
which the samples were collected.
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Table 4.3: The PIXE elemental mean concentrations (pg/g ± Standard Error of 
the Mean (SEM)) found in rice.
Element
Dar es Salaam Morogoro 
(n = 14)
Mbeya 
(n = 20)Shinyanga (n = 10)
Mororogoro 
(n = 8)
Mbeya 
(n = 19)
P 2663±230 39581152 2715+86 30511238 32951172
Cl 341±43 353139 342130 319124 202108
K 16061108 19131109 18181137 1547179 1851199
Ca 109120 149117 133+7 127113 11919
Mn 2212 2112 2011 2913 2311
Fe 2015 2717 2312 3118 2313
Cu 3.010.5 511 612 3.210.3 3.210.4
Zn 2514 33+4 3012 2912 3012
Cr 4^10.1 5^10.2 MDL 5^11 lU l1
Br MDL MDL MDL MDL MDL
Superscript indicates the number of samples above MDL
The concentration of Br in all samples was below the MDL value (16 pg/g), 
Cr in concentration above MDL was determined in only 8.5% of the samples whilst 
Cu above MDL was found in 62% of the analysed samples.
The rice samples pmchased from Dar es Salaam markets were reported to 
originate fr om the main regions of cultivation which are Shinyanga, Morogoro and 
Mbeya. A discriminant analysis using the SPSS progi'amme was carried out first on 
the data fr om samples collected fr om their region of cultivation and then when the 
data were mixed with those collected in Dar es Salaam. The discriminant analysis, 
which is used to classify cases into gi'oups, works by creating a new variable called 
discriminant function score which is used to predict to which gioup a case belongs.
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The results indicated a gi*oup classification accuiacy of 90% between rice groups 
collected in their regions of origin ie Shinyanga, Morogoro and Mbeya. However, 
when the samples purchased in Dai* es Salaam were combined with the samples 
collected fi*om the regions they were reported to originate, the classification accuracy 
dropped to 78%. This might indicate probably that the rice supposedly originating 
from Mbeya and Morogoro and hence sold at high prices might not have been 
cultivated in these regions. As has been mentioned earlier, the classification of rice in 
Tanzania is based purely on its physical appearances hence deliberately misleading 
or false classification could be easily done by the retailers for higher price. Fig 4.1
(a) and (b) are combined gi'oup plots of the canonical discriminant functions showing 
group separation. A better separation is when the group centroids are frirther apart as 
shown in Fig 4.1 (a). In fig 4.1 (b) the data from the tliree regions are more 
overlapping and the centroids aie close together.
Therefore, any contrast on nutritional quality of rice cultivated in different 
regions will base on the rice samples collected directly from the cultivating regions 
and will not include samples pui'chased in Dar es Salaam. However, the 
concentiation data fr'om rice collected in Dai* es Salaam will be used in the overall 
data.
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Fig 4.1: The combined group plot of the canonical discriminant functions, (a) shows the 
discrimination of the groups of samples collected from the cultivating regions, (b) 
shows the discrimination when the data were combined with samples purchased in Dar 
es Salaam.
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A frequency distribution histogram was plotted for each element from the raw 
data of both food samples and then tested with a Kolmogorov-Smimov test for 
normality (K-S) using the SPSS programme. Whenever the concentration of an 
element was below the MDL of the method, a mean value equal to one half of the 
MDL was used in the statistical analysis instead of missing data points. Except for 
the concentrations of P, K and Cl, the concentrations of Ca, Mn, Fe and Zn in rice 
samples were not normally distributed. However, when the log transformation was 
carried out for these elements and their values retested, their 
concentrations were found to be distributed log-normally. As an example. Fig. 4.2 (a) 
shows the histogram of the normal distribution for P in rice while Fig. 4.2 (b) shows 
the log-normal distribution for Zn. The overall concentrations of Ca, and Cu were 
neither normal nor log-normal distributed. However, the concentrations of these 
elements were log-normal distributed within each region. This is important because 
the comparison in this section is going to be carried out between regions hence what 
is important is the distribution within the regions rather than the overall distribution.
1000 3000 3000 4000 3000
P (ppm)
1.1 13 1.3 1.4 I J  1j6 1.7 1.8Log Zn flog ppm)
(a) (b)
Fig 4.2: The histograms of concentrations of elements in rice (a) P showing normal 
distribution and (b) Zn showing log-normal distribution.
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A t-test for equality o f means was used to calculate the differences between 
rice purchased in Dar es Salaam and the samples collected from their region of 
origin. The mean concentrations of K were significantly higher (p < 0.05) in samples 
from Morogoro purchased in Dar es Salaam than in samples collected direct from 
Morogoro whilst Mn was significantly higher in samples collected direct in 
Morogoro than from the other group. Mean concentrations o f Cl and Cu in rice from 
Mbeya collected in Dar es Salaam were significantly higher (p < 0.01) than those of 
Cl and Cu in samples collected directly from Mbeya. P in rice from Mbeya was also 
significantly higher (p < 0.01) than P from Mbeya purchased in Dar es Salaam. This 
observation might also suggest a possibility that rice sold as Mbeya and Morogoro 
rice in Dar es Salaam might not necessarily originate from these regions.
4.5.1.1 Inter Lab comparison
Four samples o f rice were analysed at the Ion Beam Accelerator of the 
Institute of Nuclear Physics in Rez, Czech Republic for inter laboratory comparison. 
The samples were analysed by a beam of protons of energy 2.9 MeV of diameter 5 
mm for 17 min and the accumulated char ge was about 10 uC.
Table 4.4 shows the concentration of elements determined in the same 
samples at Rez and at the University of Surrey Ion Beam Centre. As Table 4.4 shows 
the concentrations of most of the elements determined in the two laboratories are in 
relatively good agreement. However, the mean concentration of Ca determined at the 
University of Smrey was found on average to be 1.9 times higher than that 
determined at Rez. The concentration of Ca was calculated from the Ca-Ka (3.69 
keV) line, which is very close to the peak line of K-Kp (3.59 keV) line. The 
separation of the two lines will depend on the resolution of the detector. Therefore, 
the concentration of Ca determined by PIXE at the University of Suirey Ion Beam 
Centre might have been influenced by concentration of K in the samples. However, 
the concentrations of Ca determined by INAA using the comparative method 
(because Ca is < MDL in Ko method) in the coming sections will be used as a 
confirmatory value of Ca in the samples.
95
Table 4.4: A comparison of elemental concentrations (pg/g) found at the two 
laboratories.
Sampie 1 Sampie 2 Sampie 3 Sample 4
Element Rez UniS Rez UniS Rez UniS Rez UniS
1734 2583 1797 2000 1717 2372 1638 1848P ±21 ±123 ±20 ±105 ±21 ±125 ±21 ±92
Cl 278 284 295 227 192±11 ±13 ±78 ±12 ±10
K 1267 1974 1141 1338 1204 1380 1258 1347±10 ±26 ±7 ±17 ±9 ±18 ±10 ±20
Ca 64 130 55 90 60 133 71 115±5 ±10 ±4 ±6 ±4 ±10 ±5 ±10
Mn 15 16 21 25 18 20 22 22±1 ±5 ±1 ±2 ±1 ±1 ±1 ±3
Fe 10 13 13 15 10 17 17 17±1 ±2 ±1 ±1 ±1 ±1 ±1 ±2
Cu 3 MDL MDL MDL 2 MDL 3 5±0.2 ±0.4 ±0.2 ±2
Zn 19 23 20 23 20 27 22 21±0.4 ±4 ±1 ±4 ±1 ±5 ±0.5 ±4
Cr MDL MDL MDL MDL MDL MDL MDL MDL
Results not reported.
4.5.2 Rice samples analysed by the Ko method
Elements Na, Mg, Al, Cl, K, Ca, V, Mn, Cu and Br were determined in rice 
samples and are presented in Table 4.5. Short irradiation INAA used in this work 
would not permit the determination of Cr, Fe and Zn whilst lower MDL values for V 
and Br attained in INAA analysis compared to PIXE allowed the determination of 
these elements in some samples. Concentrations of Na, Mg and Al which could not 
be detected by PIXE were determined by INAA. The mean concentrations of 
elements in rice samples calculated by Ko method are presented in Table 4.5.
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Table 4.5: The mean concentrations (pg/g ± SEM) of elements found in rice calculated
by Ko method of analysis.
Elements
Dar es Salaam Mororogo 
(n = 3)
Mbeya 
(n = 4)Shinyanga(n=3)
Morogoro 
(n = 3)
Mbeya 
(n = 4)
Na 17±3 14±2 7+3 9±1 10 ±2
Mg 415±40 334+70 384±43 399 ±30 526 ±52
Al 17±9 25±6 9±2 15±1 15±1
Cl 285±6 324+15 236+11 324 ±15 200 ±51
K 1197±52 1186+196 1181+12 1286 ±88 1134 ±312
Ca MDL MDL MDL MDL MDL
0.06±0.01 0.05±0.01 0.05+0.01 MDL MDL
Mn 11±1 11+1 11 ±0.3 11 ±0.6 19 ±2
Cu 4+0.2 5+2 4+1 3 ±0.1 2 ±0.3
Br 1±0.3 1+0.4 0.9® ±0.3 0.7  ^±0.1 0.7® ±0.1
Superscript indicates the number of samples above MDL
Br and V, which could not be determined due to their high MDL in PIXE, 
were detected in 71% and 18% of the analysed samples respectively. The 
concentiations of Ca in all 17 rice samples analysed at ICRC by Ko method were 
below the MDL of 42 pg/g. Yet Ca in concentrations ranging from 90 pg/g - 200 
pg/g was reported in rice samples analysed by PIXE at the University of Surrey Ion 
Beam Centie. However, concentrations of Ca in the rice samples analysed at the Ion 
Beam Centre of the University of Surrey were also found to be between 1.6 -  2 times 
higher than those found in the same samples analysed at the Institute of Nuclear 
Physics in Rez.
4.5.3 Rice samples analysed by comparative method
The mean concentrations of elements in rice samples sub divided into regions 
in which the samples are originating are shown in Table 4.6.
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Table 4.6: The mean concentrations (pg/g ± SEM) of elements found in rice calculated
by comparative method.
Elements
Dar es Salaam
Morogoro 
(n = 13)
Mbeya 
(n = 10)
Shinyanga 
(n = 7)
Morogoro 
(n = 5)
Mbeya 
(11 = 11)
Na 11±1 9±1 8±1 10±1 12±1
Mg 390+44 451±66 428±34 717±83 665±44
Al 28±15 19±4 21 ±4 45±15 38±11
Cl 223±21 305±8 268±12 265±13 251±14
K 919+40 1115±64 1042±49 1210±105 1183±40
Ca 45+5 59±4 47±2 54±6 70±11
V 0.1®±0.06 0.06®±0.01 0.07®±0.01 MDL MDL
Mn 14+2 12±0.8 12±0.5 13±0.6 20±1
Cu 4+1 3±0.2 3±0.2 4±0.8 5±1
Br 1±0.1 1±0.1 1±0.1 1±0.1 1±0.1
1 MDL MDL MDL MDL MDL
Superscript indicates the number of samples above MDL
The concentrations of Cu and V in the rice samples were slightly higher than 
the MDL value of 2pg/g and 0.05pg/g found for Cu and V respectively (MDL for 
rice deteimined by this method are found in Appendix 3). Cu in rice samples were 
deteimined in 63% and V in 11% of the samples compared to 82% and 18% 
respectively detemiined in rice samples at ICRC. This is because, the 10 minutes 
decaying time used at NPI is equivalent to 2 half-lives o f ^^Cu used in the 
determination of Cu and 2.7 half-lives of whilst both elements were determined 
in the first half lives of their isotopes at ICRC. The concentrations of V were 
determined in only samples collected in Dar as Salaam. The MDL value for Ca at 
NPI was 43% lower than that attained at ICRC. Hence concentrations of Ca which 
were within or slightly higher than the MDL value (42pg/g) obtained at ICRC, were 
determined in all analysed samples at NPI.
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Five samples of rice each of mass 100 mg were washed with 10 ml of double 
distilled de-ionised water. The grains were put into a small container containing the 
water and shaken for 1 minute in an ultra sonic bath. The water was discarded and 
the grains let to dry in a laminar flow hood at room temperature for 24 hours. The 
washed grains were then ground as the other samples and inserted into the discs for 
analysis. Rice from the same samples were analysed without washing. The 
concentrations of elements from samples which were washed and unwashed are 
shown in Table 4.7.
Table 4.7: The concentration levels of elements (pg/g ±SD) before and after washing 
and their % loss.
Samples Process Na Mg Ai Cl K Ca V Mn Cu Br
1
Unwashed
14
±0.4
869
±19
28
±0.7
238
±3
1264
±37
65
±2 MDL
13
±0.1
4
±0.8
0.7
±0.05
Washed
7
±0.5
196
±11
3
±0.6
241
±3
576
±30
60
±0.9 MDL
10
±0.1
3
±0.3
0.6
±0.06
%Ioss 49 77 90 0 54 8 28 19 13
2
Unwashed
9
±0.6
498
±15
23
±0.2
195
±3
1158
±52
46
±9 MDL
22
±0.2 MDL MDL
Washed
5
±0.7
64
±2 MDL
181
±3
545
±34 MDL MDL
13
±0.1 MDL MDL
%loss 47 87 7 53 41
3
Unwashed 6±0.9
440
±13
8
±0.6
247
±2
965
±43
53
±6 MDL
10
±0.3
3
±0.1 MDL
Washed
4
±0.3
97
±5 MDL
221
±2
497
±35
29
±7 MDL
8
±0.2
3
±0.6 MDL
%loss 28 78 11 49 46 24 0
4
Unwashed
13
±0.4
525
±13
22
±0.4
229
±3
1190
±47
56
±9 MDL
13
±0.2
2
±0.1
0.6
±0.05
Washed
5
±0.2
100
±5 MDL
202
±3
387
±58
31
±4 MDL
9
±0.1
2
±0.1
0.4
±0.1
%loss 64 81 12 67 44 35 0 34
5
Unwashed
16
±0.9
586
±10
80
±0.2
269
±3
1111
±32
184
±12
0.1±0.0
7
17
±0.2
3
±0.8
0.7
±0.06
Washed
6
±0.6
96
±9
2
±0.01
241
±3
518
±20
45
±4 MDL
9
±0.1
2
±0.6
0.5
±0.05
%loss 60 84 97 11 53 76 47 17 29
The concentrations of most of the elements were reduced when washed. The 
percentage loss for some elements was too high for the element to be considered as 
removed from surface contamination only. On average Na and K were reduced by ~ 
50% of their original concentrations, whilst the concentrations of Mg and Al were 
lowered to 81 and 97%, respectively, of their original concentrations. V was detected 
in only one sample and this was reduced to a value below MDL after washing. The
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concentration of V was slightly above the MDL implying that a minimum 60% loss 
would give a value below MDL. However, the exact percentage loss of this element 
could not be determined. Mn and Br were reduced to less than half of their original 
concentrations whilst the difference in the concentrations of Cl and Cu before and 
after washing was too small to be considered significant. The variation of 
concentrations of Ca before and after washing was inconsistent. The results for these 
elements might imply that the elements were leached by water when washed. Since 
washing rice before cooking is a common practice in Tanzania, further analysis is 
required to find out exactly how much of these elements are lost in washing and then 
taken up again in cooking. The number of samples involved here was not big enough 
to make any statistical conclusion.
hi order for good statistical analysis concentrations of elements found by both 
methods of INAA were combined to obtain at total of 63 samples of rice and 71 
samples of maize flour analysed by INAA. The mean concentrations of elements 
obtained by less than 10 values were not included in the statistics. That is, mean 
concentrations for Ca, V, Cu and I were not statistically manipulated.
The compaiisons between means of the rice samples pui'chased in Dar es 
Salaam and those collected from the region of cultivation were carried out using a t- 
test as was done for data obtained by PIXE analysis. For Morogoro region, except for 
Cl the mean values of the elements in the samples puichased in Dai* es Salaam 
markets and those collected directly in Morogoro were found not to differ 
significantly. Mean concentiation of Cl was found to be significant (p < 0.05) higher 
in samples collected in Dar es Salaam than those collected in Morogoro. Samples 
pui'chased in Dar es Salaam supposedly originating from Mbeya had significantly (p 
< 0.05) lower mean values for Na and Mg than samples collected directly from 
Mbeya. The samples had significantly higher values of Cl (p < 0.05). Nevertheless, 
the samples from Mbeya had significantly (p < 0.01) higher values of Mn.
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4.5.4 Maize Flour analysed by PIXE
The mean concentrations of elements deteimined in maize flour collected 
from the two regions are presented in Table 4.8. The concentration of Cu and Mn 
above MDL was found in only 19% of the analysed samples.
Table 4.8: The PIXE elemental mean concentrations (pg/g ± SEM) found in maize 
flour.
Elements
Dar es Salaam 
(n = 29)
Mbeya 
(n = 27)
P 1281±101 1748±123
Cl 524 ±17 412 ±33
K 1656 ±82 1904 ±89
Ca 92 ±7 66 ±3
Mn 5?±0.6 5"^  ±0.4
Fe 24±3 17±2
Cu 2.2^ ±0.4 2.44 ±0.2
Zn 10±1 10±1
Cr MDL MDL
Br MDL MDL
Superscript indicates the number of samples above MDL
The K-S test for the noimality revealed that the overall concentrations of Cl, 
K, and Ca were normally distributed while P, Fe and Zn were log-normally 
distributed. The number of data for Mn and Cu were too small for statistical tests. A 
t-test to compare the concentr ation means of the elements in the two regions shows 
that P and K were significantly higher (p < 0.01) in maize fr om Mbeya than from Dar 
es Salaam whilst Cl and Ca were significantly higher in maize fi'orn Dar* es Salaam 
than fi'om Mbeya (p < 0.01).
The levels of elemental concentration in maize flour depend as well on the 
degree of refinement of the flour. The maize flour is particularly obtained from 
milling the endosperm of the maize grain after the seed germ and the outer layers are 
removed. In Tanzania the quality of maize flour is determined by the whiteness and
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the fineness of the floiu*, which implies that a higher price is paid for more refined 
flour. A milling factor in the pricing was also observed by Maina (2005) when 
analysing the mineral contents of different brands of maize flour in Kenya. Less 
concentiation of elements was found in the most expensive brand As with all 
cereals, most nutrients ai e concentrated in the outer layer of the grain; thus removing 
these layers in the milling process might result in the bigger loss of minerals.
In contrast to the samples fi'om Mbeya, which were collected fiom maize 
flour milled locally for domestic use, samples from Dar es Salaam were collected 
fi'om commercial mills and shops. Therefore the latter samples had to be more 
refined and polished to produce ‘better quality’ flour. This could be the reason as to 
why the mean concentrations of K and P in these samples were found to be 
significant lower than those in the samples from Mbeya. However, the mean 
concenti'ations of Zn in both regions were the same. A higher concentration of P in 
maize from Mbeya might also be associated with the extensive use of phosphate 
fertilizer in this region compared to other regions in Tanzania.
The mean concentration of Cl in the samples fi'om Dai' es Salaam was found 
to be 27% higher than that in maize from Mbeya. This element is a constituent of 
organochloride pesticides used in fanning and storing of the agricultural products. 
The biggest user of pesticides in Tanzania is Arusha region which is also the 
main supplier of maize to Dar es Salaam, hi a report by Agenda, 2006 pesticides 
chlorthanolin and chlorpyrifos have been identified as the pesticides specifically used 
in the cultivation and storage of maize in this region Moreover, maize brought to 
Dar es Salaam because of cormnercial reasons may need extra storage before it is 
sent to the mills for processing while controlling the mai'ket (demand and supply). 
Hence Cl in the samples from Dar es Salaam might be associated with additional use 
of pesticides during storage. Several studies have reported the presence of pesticide 
residues such as DDT (organochloride) and chloipyrifos in foods in 
Rusibayamala, 1998 reported a concentiation level of 0.3 ppb of DDT in cooked 
maize meal Although the concentration levels reported by both authors were 
below the F AO/WHO standards and posed no risk they may contribute to the 
concentration of the elements of their constituents in the foods
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4.5.5 Maize flour analysed by the Ko method
The mean concentrations of elements in samples of maize flour deteimined at 
ICRC by Ko method of INAA are shown in Table 4.9. In maize flour Br was 
determined in all 17 analysed samples while V was deteimined in 29% of the total 
samples. Cu and V above MDL were determined in only samples from Dar es 
Salaam. The concentrations of Ca were also below MDL in all samples although 
concentrations of 35 pg/g -130 pg/g were reported in PIXE analysis. The 
compaiison of the concentrations of the elements between the two regions follow the 
same trend as that reported in the concentration levels determined by PIXE. Higher 
concentrations of most elements were found in samples from Mbeya than samples 
from Dai' es Salaam probably due to the refining effect as explained earlier. 
However, no statistical tests were carried out to these sample data as the number of 
samples was small.
Table 4.9: The mean concentrations (pg/g ± SEM) of elements found in maize flour 
calculated by Ko method of analysis.
Elements
Dar es Salaam 
(n = 9)
Mbeya 
(n =8)
Na 4 ±1 5±1
Mg 100 ±5 196 ±27
Al 21 ±6 11 ±1
Cl 428 ±14 391 ±14
K 782 ±85 1201 ±93
Ca MDL MDL
V 0.1® ±0.01 MDL
Mn 1.1 ±0.1 1.6 ±0.1
Cu 2 ±0.2 MDL
Br 2 ±0.2 2 ±0.2
Superscript indicates the number of samples above MDL
4.5.6 Maize flour analysed by comparative method
Fifty four samples of maize flour collected from mills and shops in Dai' es 
Salaam and in local mills in Mbeya were analysed as for rice samples. The mean
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concenti'ations and their standard mean error of 12 elements are presented in Table 
4.10.
Table 4.10: The mean concentrations (pg/g ± SEM) of elements found in maize flour 
calculated by the comparative method.
Elements
Dar es Salaam 
11 = 25
Mbeya 
n = 29
Na
4 ±0.3 5 ±0.7
Mg
195 ±30 277 ±31
Al
11 ±1 10 ±1
Cl
465 ±7 397 ±6
K
1029 ±82 1214 ±73
Ca
39  ^±3 36 ±2
V
0.09® ±0.01 MDL
Mn
1.5 ±0.2 1.7 ±0.1
Cu
MDL MDL
Br
4 ±0.4 3 ±0.2
1
0.15® ±0.03 MDL
Superscript indicates the number of samples above MDL
The analysis of maize flour at NPI revealed no concentiation of Cu above 
MDL compared to 47% detennined in maize flour samples at ICRC, Likewise, V 
was found in only 6,5% compaied to 35% foimd at ICRC. This might be due to the 
restrictions to the short lived isotopes of longer decaying time applied at NPI. 
However, longer waiting time at NPI pennitted the decaying of ^ ^Al to 4.5 of its half- 
life, thus reducing the background for inteimediate and long-lived isotopes, which 
then lowered the MDL for these elements. For that reason iodine was able to be 
deteimined in 4% of the analysed maize flour. At the same time Ca at concentrations 
below 42 pg/g (MDL values obtained at ICRC) were determined in 25% of the 
analysed sample.
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The differences between the mean values of elements in maize flour followed 
the same trend as that reported in data obtained by PIXE. The mean concentrations of 
K and Mn were significant higher (p < 0.05) in maize flour from Mbeya than that 
from Dar es Salaam. Cl was significantly higlier (p < 0.001) in samples from Dar es 
Salaam than in samples from Mbeya. The probable reasons for these observations 
have been explained earlier. I and V in concentrations above MDL were foimd only 
in samples collected in Dar es Salaam.
4.5.7 Comparison between PIXE and INAA
Fifty one samples of rice and 29 samples of maize fiom* were analysed by 
both PIXE and INAA. Elements P, Cl, K, Ca, Mn, Fe, Cu and Zn were detected by 
PIXE analysis whilst Na, Mg, Al, Cl, K, Ca, V, Mn, Cu, Br and I were detected by 
INAA analysis in the same samples.
The set ups and the MDL of the two systems permitted only Cl, K, Ca, Mn 
and Cu to be detected by both methods. The Be filter used with the PIXE system 
absorbed the X-rays fr'om Na, Mg and Al hence hindering their determination. PIXE 
had also higher MDL for V, Br and Mn than INAA. Because of that, no 
concentrations of V and Br in rice were found to be above MDL when analysed by 
PIXE whilst V and Br were found in 20% and 98%, respectively, of the samples 
when analysed by INAA. The average concentiations of Br and V found in the rice 
samples by INAA method were 5% and 2%, respectively, lower than the reported 
MDL for these elements in PIXE. Mn was detected in only 37% of the maize from* 
by PIXE analysis in contiast to 100% detection by INAA analysis. Moreover, Cu 
was found in only 36% of the rice samples analysed by PIXE whilst it was found in 
73% of the rice samples by INAA.
The MDL for Cu in maize fiom* analysed by INAA was slightly lower than 
that of PIXE (2 pg/g and 3 pg/g respectively). Hence, Cu was found in 23% and 24% 
of the maize flour samples by PIXE and INAA analysis respectively. Iodine was 
detected in only 6% of the maize fiom' samples by INAA and not deteimined by 
PIXE analysis.
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Comparing the concentration values of elements obtained by the two 
methods, PIXE analysis had consistently higher values of elements than INAA which 
might indicate a systematic error of the system. This observation had also been 
reported by Admans (2004) who obseiwed higher concentrations of Cl, K and Br 
in PIXE than INAA analysis. She reported an average difference of 20% - 35% for 
both K and Cl between the two techniques.
Table 4.11 shows the descriptive statistics for elements foimd in rice and 
maize flour determined by PIXE and INAA. Taking into account the absolute enors 
for each element, the concentrations of Cl and Cu detected in both foods agreed well 
between the two techniques within a deviation of 12% and 5% of Cl and Cu, 
respectively. Ca was found to be about 2 times higher in PIXE analysis than INAA 
the reason for this has been explained earlier. K and Mn were found to be 1.6 times 
higher in PIXE than in INAA. These observations indicated that the percentage 
deviation between the two tecliniques vaiies among elements and each technique is 
sensitive to different elements. Hence, the overall data presented in this thesis 
included the values from PIXE for P, Fe, Zn and Cr and values from INAA for the 
rest of the elements.
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Table 4.11: The descriptive statistics for elements found in rice and maize flour 
determined by PIXE and INAA at the two reactor centres.
Food Element Technique Mean(pg/g)
Median
(pg/g)
Rice
Cl
PIXE 316+13 299
INAA 254+7 252
K
PIXE 1781±61 1711
IN /A 1123±38 1099
Ca
PIXE 124±6 115
INAA 57±4 50
Mn
PIXE 24±1 22
\HAA 15±0.7 13
Cu
PIXE 4±0.5 3
INAA 3±0.3 3
Maize
Flour
Cl
PIXE 478±25 464
INAA 424±08 420
K
PIXE 1732±103 1629
INAA 987±64 955
4.6 Discussion
A statistical summary of data in pg/g is presented in Table 4.12 and 4.13 for 
rice and maize fiom respectively showing the arithmetic mean (±SEM), geometric 
mean (xhSD), and median for 15 elements in the two staple foods. The concentiation 
levels presented in this table are the values from INAA except for P, Fe, Zn and Cr,
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Table 4.12: The overall elemental concentrations (pg/g) in rice collected in three 
regions of Tanzania; arithmetic means (A. Mean ±SEM), Geometric means (G. Mean 
X/-+SD) and Median are presented. The concentration levels presented in this table 
are the values from INAA except for P, Fe, Zn and Cr.
Elements
Number of 
Samples A. Mean G. Mean Median
Na 63 9±0.5 9X/-Î-4 9
Mg 63 509±27 487X/-S-215 470
Al 63 28±4 22X/+32 17
P 71 2976±84 2890X/+706 2874
Cl 63 259±6 249X/-5-49 255
K 63 1068±32 1085x7-^253 1051
Ca 63 50+4 43X/+30 48
ylO 63 0.07±0.02 0.06x7+0.06 0.06
cri° 63 6±0.4 5x7+3 5
Mn 63 13±0.6 14x7-7-4 13
Fe 71 25±2 21x7+18 19
Cu 63 3±0.3 3x7+2 3
Zn 71 29±1 28x7+9 28
Br 63 0.7±0.05 0.6X7+0.4 0.7
1 63 MDL MDL MDL
Superscript indicates t le number of samples above M D L
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Table 4,13: The overall elemental concentrations (pg/g) in maize flour collected in two 
regions of Tanzania; arithmetic means (A, Mean ±SEM), Geometric means (G. Mean 
X/4-SD) and Median are presented. The concentration levels presented in this table 
are the values from INAA except for P, Fe, Zn and Cr.
Elements
Number of 
samples A. Mean G. Mean Median
Na 71 5±0.3 4 x/+2 5
Mg 71 222±16 189x7+131 175
Al 71 13±1 11 x7+9 12
P 56 1506±85 1386x7+633 1453
Cl 71 424±5 422x7+44 412
K 71 1082+41 1021x7+343 1000
Ca 71 21±1 19x7+11 14
Vio 71 0.07±0.02 0.05x7+0.05 0.05
Cr °^ 56 MDL MDL MDL
Mn 71 1.5±0.1 1 .4x7+0.6 1.4
Fe 56 20±2 17x7+13 18
Cu 71 1.4±0.2 0.9x7+0.7 1.6
Zn 56 10±1 9x7+6 9
Br 71 2.9±0.2 2.5X7+1.6 2.7
1® 71 0.15±0.03 0.14x7+0.05 0.12
Superscript indicates tlie number of samples above MDL
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A t-test on overall data (Table 4.12 and 4.13) revealed that rice cultivated in 
Tanzania had significantly (p < 0.01) higher concentrations of Na, Mg, Al, P, Mn, 
Cu, Zn and Br than maize floui'. Moreover, rice was found to have higher 
concentrations of Fe and Ca than maize flour although the differences were not 
significant. The mean concentrations of V between the two staple foods were not 
statistically compared because the number of samples in which V was detected each 
food was low; nevertheless its mean concentiations in the two foods were similar. 
Iodine, which is an essential element in the function of thyroid hormones, was foimd 
in few samples of maize flour and below MDL in rice. The lower concentrations of 
elements in maize flour might be due to the influence of milling. Bauemfeind, 91 
reported a loss of 79% of Zn, 54% of Fe and 53% of Ca when a maize grain was 
milled and Maina 2005 reported a 70% loss of Zn, 34% Fe and 13% Ca.
If the nutritional value o f food is only deteimined by its elemental contents, 
then rice grown in Tanzania could be said to be more nutritious than maize flour. 
However, the nutritional value of any diet depends also on the bioavailability of the 
elements within the food that is the absorption of the essential elements in the 
gastrointestinal ti'act. It was said in Chapter 2 that the main determinant of the 
bioavailability of elements in the stomach is phytic acid, which in this study was 
deteimined by the concentrations of P in the food. Since the mean concentration of P 
was found to be 97% higher in rice than in maize flour, lower concentrations of these 
elements in maize flour would be compensated by their higher bioavailability in the 
stomach.
Elemental concentrations of rice samples collected directly from the regions of 
cultivations which were Mbeya and Morogoro (not combined with the rice purchased 
in Dar es Salaam) were compared using a t- test. The test indicated that rice grown in 
Mbeya had significantly higher mean concentrations of Mn and Br (p < 0.01 and p <
0.05 respectively) than rice from Morogoro. However, rice from Morogoro had 
higher mean concentrations although not statistically significant of other nutiients 
such as Fe, Al and Mg. Concentrations of P, Zn and Cu were similar in both regions.
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In Dar es Salaam, rice fi'om Shinyanga was dominantly found in the markets 
located at the low-income population areas whilst rice from Morogoro and Mbeya 
dominated the markets in the city centi'e. The rice from Shinyanga analysed in this 
thesis was purchased in a mai'ket at Manzese about 10 km from Dai' es Salaam city 
centre. Manzese is the largest unplanned settlement in Dar es Salaam and its 
residents are people of low income. Not a single retailer of rice from Mbeya was 
found in this market indicating that the Mbeya rice was too expensive for this class 
o f people. For the purpose of comparing the elemental contents of rice consumed by 
the social classes in Dar es Salaam (low-income and high-income classes), the mean 
concentrations of elements in rice purchased in the city (Morogoro and Mbeya 
purchased in Dar es Salaam) were combined and categorised as high-income rice and 
rice originated from Shinyanga pui'chased in Manzese was classified as low-income 
rice.
Low-income rice was found to have significantly lower concentrations of Cl 
(p < 0.05) and lower although not statistically significant concentrations of Ca 
(22%), Fe (17%) and Zn (19%) than high-income rice. However, this type of rice 
had significantly (p < 0.05) higher concentrations of Na and Mn than the other 
group. The mean concentrations of Mg, P, K, Cu and Br were similar.
The only toxic element found in the samples of both staple foods was V, which 
was found in low concentrations of 17% of the total rice samples and 12% of the 
maize flour samples analysed by INAA. Whether this element entered the rice and 
maize dming cultivation or contaminated them during milling and transportation 
could not be detennined in this thesis. However, the concentrations of V were all 
determined in samples purchased in Dar es Salaam, which probably indicate its 
association with fuel duiing ti'ansportation. Nevertheless, the V estimated daily 
intake via diet (10-20 pg/g) is much higher than the value found in rice and maize 
flour (0.07 pg/g) in this work Other toxic elements such as As, Ni, Cd and Hg are 
noimally analysed by long irradiation INAA, hence they could not be detennined by 
short irradiation INAA used in this thesis. These elements were not detected by FIXE 
either yet Cd of concentiations (3.25pg/g) and Ni (0.24 pg/g -  4.5p g/g) in rice have 
been reported in the literature and Ni of concentrations 0.5 pg/g -  0.7 pg/g
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have been reported in maize flour Absence of these elements in the staple foods 
analysed in this study might be because the concentrations of these elements were 
below the MDL of the PIXE set up used. The MDL for these elements analysed by 
PIXE Were estimated to be 2 pg/g and 60 pg/g for Ni and Cd, respectively.
The elemental compositions found in rice and maize flour were compared 
with the elements in rice and maize flour reported in the literature as shown in Table 
4.14 and 4.15 respectively. Concentrations of elements in the imported rice collected 
in shops in Zanzibar are also presented for comparison with rice cultivated in 
Tanzania.
Most of the elements found in rice samples analysed in this thesis (both the 
local and imported) were lower than the concentrations of the elements reported in 
the unpolished rice from Taiwan demonsfrating the influence o f polishing on content 
o f elements in rice However, Al, Zn and Cr were higher in this study whilst Fe 
had a similar mean concentration with the reported rice from Taiwan.
The mean concenfration of Zn, although higher in the unpolished rice from 
Taiwan, was found to be slightly (12%) lower than the value reported in rice from 
Nigeria Moreover, the mean concentiation of Fe and Zn were within the range of 
approximate composition of milled rice reported by FAO Ca in this study was 
less than the extieme lower value and P was higher than the exti'emè upper value of 
the range reported in rice by FAO However, P of mean concentrations of 2550 
pg/g to 3290 pg/g has been reported in rice from different locations in Arkansas, 
USA 255.
The rice grown in Tanzania was found to be superior in most elements than 
rice imported from Thailand. Since the number of samples for the imported rice was 
small, no statistical test was carried out to the data. However, the Tanzanian 
cultivated rice had higher mean concentrations of Mg, K, Mn, Fe and Cr. The mean 
concentrations of Na, Cl, Ca and Zn were similar in both sources of rice whilst the 
imported rice had higher mean concentrations of Al and Br than rice grown in
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Tanzania. Despite lower concentrations of most elements, the imported rice had P in 
the same range as the P in the milled rice reported by FAO
The mean concentrations of K, Ca, Mn, Fe, Cu and Zn obtained in this study 
were found to be comparable with the elemental concentiations o f these elements 
reported in different brands of processed maize flour in Kenya 24?. Moreover, the Fe 
content m the samples was similar to the mean concentration of Fe reported in maize 
floui' in Zimbabwe (20.6 pg/g) while the Zn mean concentration was about 57% 
lower than the Zn concentration in maize flom in Zimbabwe 2^ .^
The chemical composition of rice giain and maize flom' may vary depending 
on the genetic factor of their varieties, on the environmental conditions as well as on 
post-harvest operations such as degree of milling and condition of storage. Yet rice 
grown in the three regions of Tanzania and maize flour milled from maize grains 
cultivated within the country have the elemental contents in the range reported 
elsewhere 24?' ^^ 6 ^
113
Table 4.14: Comparison of the mean elemental concentrations in rice samples with the 
literature (MeaniSEM, pg/g).
Element
This study
Taiwan 
Unpolished 
rice 
(n = 19)
Approximate 
Composition of 
milled rice 
(FAO, 1993)
Rice cultivated in 
Tanzania 
(n = 63 otherwise 
said)
Rice 
imported 
(n = 5)
Na
9±0.5
<2-25
134:4
8-21 35 4=6 ---
Mg
509±27 
220 - 1324
1924=44
119-270 22004=107 --
Al
28±4
6-204
125=t81
3-245 17 ±6 --
P*
2976±84
1158-4750
15324=47
14440-1595 --- 800-1500
Cl
259±6 
134 - 427
2274=27
188-280 458 4:40 --
K
1068±32 
729 - 2753
6794=74
536-782 4016 4=143 --
Ca
50±4
<42-184
404=2
38-43 175 ±41 100-300
V
0.07d=0.02'"
<0.01-0.25
0.1=b0.001
<0.03-0.1 —
Mn
13±1
10-30
74=0.4
1-8 39 ±3 —
Fe*
25±2
7-44
104=1
9-11 25 ±5 2-28
Cu
3±0.3
<3-10
8=t6
2-20 4 ±0.1 —
Zn
29±1
14-55
244=2
22-26 18 ±2 6-23
Cr
64=0.4'"
<4-13 MDL 0.3 ±0.02 —
Br
0.74=0.05 
<0.01 - 1.8
464=7
33-51 2 ±0.2 —
* implies n = 71
Superscript indicates the number of samples above MDL
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Table 4.15: Comparison of the mean elemental concentrations in maize flour samples 
with the literature (Mean±SEM, pg/g).
Element This study (n = 71 otherwise said
Kenya 
{Maina, 2005)
Na
5±0.3
< 2 -1 3 ---
Mg
2224=16
<67 -  620 ---
A l
13±1
<2-66 ---
p* 15064=855 6 6 -3 5 3 6 ---
Cl
42243
3 3 5 -5 7 4 ---
K
1276±883
9 7 -2 9 9 9
1789±209
Ca
77±3 
<25 -1 3 6
344=3
V
0.07±0.02'" 
<0.01- 0.16
---
Mn
2±0.1 
0 .5 -3 .9
3±0.4
Fe*
204=2
5 - 7 4
294=5
Cu
1.7±0.1 
<3 -  2.4
l.OiO.l
Zn*
10±1
< 4 -2 7
10±1
Br
3±0.2
0 .5 -1 1 .7 —
* implies n = 56
Superscript indicates the number of samples above MDL
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The concentrations of P in both staple foods were in general high. This 
observation indicates that the concentration of the anti-nutrient compound phytic 
acid in these foods is also high. High concentration of phytic acid implies low 
absorption of Fe and Zn in the gasti'ointestinal tract, which might lead to trace 
element malnutrition to children. The consequences of malnutiition to children have 
been discussed in Chapter 2.
The absorption of Fe and Zn could be boosted if  a meal is taken with a 
portion of animal protein because these proteins prevent the elements from forming 
the insoluble phytates witli the phytic acid in the foods. However, most of the 
Tanzanian population especially those living in the mral areas cannot afford to eat 
meat. Instead they noimally have their meals with a relish of green vegetables or 
beans. The green vegetables and beans lower the bioavailability of the essential 
elements further as they also contain high contents of phytic acid as well as fibers 
and polyphenols, which fonn insoluble salts with Fe and Zn and thus hindering their 
absorption.
In Tanzania, tea is also reported to be commonly used as a drinlc with meals 
especially when no relish is available A survey by Mazengo, 1997 observed 
equally consumption of tea within all socioeconomic classes in Tanzania. The 
percentage tea intake per day was found to be 9.0% of the total food intake for the 
rural population and 8.4% for the urban population Althougli tea may serve the 
same purpose as relish and make the meal enjoyable, its high concentration of tannin 
may pose a problem, as tannin is another anti nutrient compound, which hinders the 
absoiption of Fe.
Therefore, the high concentrations of P in the staple foods and the dietary 
habits of most of the Tanzanian population may result into less absorption of 
essential elements such as Fe and Zn from the staple foods that may result into trace 
elements malnutrition to childi'en. Thus, means to enhance the absoiption of these 
elements in both foods have to be initiated.
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There are several simple methods that could be used even in local rural 
households to reduce the concentrations of phytic acid in a meal. The methods, 
which have been explained in details in Chapter 2, involve soaking, fermenting and 
germinating maize and maize flow before cooking and are reported to reduce phytic 
acid considerably from a meal and improve the absorption of Fe and Zn. In Tanzania 
none of these methods is commonly practiced. Therefore, the introduction of these 
methods to the local populations has to be a priority of the country tlirough its 
education progiammes of food and nutiition. More emphasis should be given to the 
rural low-income people who cannot manage to have animal protein such as meat 
and fish with their meals on a regular basis. Meat is reported not to be on the table of 
the most frequent foods consumed by the imal population whilst it is about 5.6% of 
the total consumed food for the urban people
Another method that could be used to improve the nutrients is food 
fortification. Again this process has to be imder the countiys' national programmes 
for better implementation. Fortification of the staple foods could be a better way of 
providing the required nutiients to children but it normally raises the price of the 
food products. However, fortifying maize flour is cheaper and easier than fortifying 
rice because nutrients can be easily added to the maize flow* dwing the milling 
process whilst the fortification of rice needs a long process Thus fortification of 
maize flow* in Tanzania should be given a priority over the fortification of rice 
because on top of being cheaper, meals fr'om the maize flour are the main diets of the 
low-income population
4.7 Correlation of phosphorus with essential element
Alternatively, identification and breeding of vai'ieties of the staple foods 
with high concentration of the nutiients and low phytic acid might bring a long- 
tei*m solution in combating childi*ens’ malnutrition. In this study the overall 
concentrations of P, which were detennined by PIXE analysis were correlated 
with the overall concentrations of Fe and Zn in maize flour and rice gi'own in 
Tanzania in the efforts of identifying a better nutrient variety of the staple foods. 
Since the overall distribution of Fe was not noiinal a non-parametiic Speai*man’s
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coiTelation coefficient was used instead of a Peai'son’s coefficient normally used 
for parametric distribution.
In maize flour P was found to conelate poorly with both Fe (r = 0.31, p < 0.05) 
and Zn (r = 0.44, p < 0.05). P correlated also poorly with Zn (r = 0.33, p < 0.05) in 
rice but did not correlate with Fe. The poor correlation of P with Fe in maize flour 
and no correlation in rice need further evaluation as the relation might indicate the 
existence of varieties of these foods that could have more bioavailable Fe (low phytic 
acid).
Figure 4 .3 (a) shows a scatter diagram of P with Fe in maize flour. The 
coiTelation of P and Fe although positive is very poor. One could also see from the 
diagi am that the data representing the concenti'ations of Fe are mostly found in the 
area o f the plot with low concenti ations of P. This diagram supports the hypothesis 
that suggests the existence of a better quality variety of maize giown in Tanzania or 
more nutritious brands of maize flour. The coiTelation of P is higher with Zn than Fe. 
However, the scatter diagi'am of P with Zn (fig 4.3 (b)) demonstrates also the 
accumulation of Zn in the low P region of the plot as was for Fe.
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Fig 4.3: The correlation of P in maize flour cultivated and processed locally in Tanzania 
(a) with Fe and (b) with Zn.
In conti'ast the scatter diagram o f?  with Zn in rice (fig. 4.4) shows the majority 
of data of Zn in the area of middle to high concentrations of P.
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Fig 4.4; The correlation of P with Zn in rice cultivated in Tanzania.
As a second step, the data were split into the regions in which the foods were 
cultivated and their P con*elated with Fe and Zn in both foods. In this step data from 
samples purchased in Dar es Salaam were not included in the calculations as the 
samples from Dai" es Salaam could not be precisely located to their region of origin. 
Hence, 14 samples fr om Morogoro and 20 samples from Mbeya for the case of rice 
and 27 samples of maize flour fr om Mbeya were used in the calculations. The results 
showed no coiTelation of P with Fe m rice from both Morogoro and Mbeya whilst it 
correlated moderately with Zn (r = 0.57, p < 0.01) in rice from Morogoro and not in 
rice fr'om Mbeya.
The scatter graph showing the relationship of the elements in rice from Morogoro 
demonstrated bigger number o f Fe values in the region for high concentrations of P 
(fig 4.5 (a)), while the gi'aph for rice from Mbeya had more concentiations of Fe in 
low concentiations of P (fig 4.5 (b)). These two observations demonstrated that one 
could find more available Fe in rice fr'om Mbeya region than in Morogoro. The 
reason for this might be due to the varieties of rice giown in Mbeya or the type of 
soil in this region. Fiu'ther analysis on the soil and the species grown in Mbeya is 
recommended.
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The coiTelation was then calculated for the data from maize flour collected in 
Mbeya. The results showed a high correlation of P with Fe (r = 0.74, p < 0.05) and a 
moderate correlation of P with Zn (r = 0.56, p < 0.05). Unexpectedly, P in these 
samples coiTelated highly with Fe whilst the correlation was very poor when the 
overall data were used. This implies that, the low correlation coefficient on the 
overall maize data was contiibuted mostly by the samples fi*om Dar es Salaam. The 
reason for this could be either one of two possibilities; the first is that high
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concentiations of P in samples from Mbeya have been influenced by the use of 
phosphate fertilizer as this region is the main user of fertilizer in the maize 
production than any regions in Tanzania. The second possibility is that samples 
milled in Dai* es Salaam aie contaminated with Fe during processing, transportation 
or storage. A further survey is suggested to analyse maize flour from com gi'ains 
gi'own in other regions of the country.
4.8 Conclusion
Samples of rice and maize flour were analysed by PDCE and INAA analyses. 
A total of 15 elements, Na, Mg, Al, P, Cl, K, Ca, V, Mn, Fe, Cu, Zn, Br and I were 
analysed when the data from the two techniques were combined. The PIXE analysis 
was caiTied out at the University of SiUTey Ion Beam Centre while the INAA was 
carried out at the Reactor Centies in Imperial College UK and the Institute of 
Nuclear Physics in Rez, Czech Republic. PIXE analysis had higher MDL for all 
elements except for Cu which was similar in both techniques.
The concentrations of elements in both foods found in this thesis were in the 
range of the elemental concentrations reported in the literature. However, the 
concenti'ations of P was higher than the approximate range of P in milled rice 
reported by FAO although similar concenti'ations have been reported in varieties of 
rice from Arkansas USA. Rice cultivated in Tanzania had higher concentiations of 
the essential elements than rice imported from Thailand. Nevertheless, this rice had 
higher concentiations of the anti nutrient phytic acid than the imporied rice. The 
chemical composition of elements in foods may vary depending on the genetic of the 
species as well as environmental factors such as the use of fertilizer as well as the 
post harvest process such as polishing and milling of the foods.
The correlation of P with Fe and Zn demonstrated that P is correlated more 
with Zn than with Fe in both foods. The correlation of P with these elements is also 
higher in maize flour than rice. The correlation identified the rice cultivated in 
Mbeya to have varieties with high concentrations of Fe accompanied with low 
concentrations of P. Further analysis on the species of rice cultivated in Mbeya 
region in the process of identifying these vaiieties is recommended.
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CHAPTER FIVE 
5.0 Research on children hair sample composition
Elemental composition of hair samples from children in thiee regions of Tanzania 
were analysed by long and short iiTadiation INAA at NPI, Rez Czech Republic. A 
total of 34 elements essential, rare earth and toxic were found m the hair of the 
children. The objective of this work was to determine the levels of elements in hair 
of the children in Tanzania as a bio-indicator of their nutiition and health. Hence, this 
chapter demonstrates and discusses the influence of diets, geographic locations, 
gender and age on the trace elements in hair. The elements found in hair were also 
coiTelated to find their inter-relationship.
5.1 Hair samples as bio-indicator
Trace element concentrations in the human body are normally determined by 
the analysis of blood, serum, plasma, mine or hair. Hair has an advantage over blood 
and urine as it accumulates elements in higher concentrations than blood and urine 
258,259 collection is fast, painless and easy Frnfiier more, the analysis of
hair gives long teim information on the behaviour of the elements in the body (up to 
2-3 years depending on length of hair) in contrast to blood and urine which provide 
short-tenn infoimation Hair is also a stable biological material, which can easily 
be stored at room temperatm'e for a long time without a change in its composition.
A number of researchers have used hair samples to assess the nutritional and 
enviromnental exposme to humans. Othman and Spyrou (1980) reported increased 
levels of mercury (Hg) in hair samples collected from female adults and children in 
the Machakos district in Kenya, which are associated with the use of Hg compounds 
as cosmetics and lightening the colour of skin Airey (1983) analysed human hair 
samples for Hg in relation to fish consumption. The results showed a direct 
relationship between mean hair Hg and the rate of fish consumption and hence to the 
diet of the society Ikingura et al. (1996) reported concentrations of Hg in hair 
samples which were consistent to the concentration levels found in fish consumed by 
people living in the Lake Victoria goldfields in Tanzania Fordyce et al., (2000), 
indicated variations in total selenium of hair in two villages within the Enshi district
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in China that coiTespond to variations in total selenium in grain, water and soil. The 
concentrations of elements in hair clearly supported the link between dietary Se 
intake and its concentrations in hair . Hair samples together with soil, water and 
rice determined the status of I and Se in relation to endemic goitre in Sri Lanka 
Menezes et al., (2004) conducted research to analyse elemental pollution from a 
galvanising industry using hair samples. The results showed clearly the relationship 
between the elements found in hair and the environmental pollution as 92% of the 
elements found in hair were also detected in airborne particulate matter
Hair fr'om children has also been used in several reseai'ch projects to assess 
their health and nutritional status. Hambidge et al., (1976) analysed Zn nutiition 
of preschool childi en in the Denver Head Start programme. He found lower mean Zn 
levels in the hair of low-income children than the hair of middle-income children. 
Erten et al., (1978) found higher Zn in hair of malnoiuished childi'en than in 
healthy children, which he associated, with the decreased rate of hair growth in 
malnourished children. Lai et al., (1987) using hair samples from Indian children 
found a contribution of diet and enviromnental factors to the trace element 
concentiation in the human body Weber, et al., (1990) found significantly lower 
mean concenti ation of Zn in hair of malnoiuished compared to healthy children in 
Mexico
Reference values for elements in human hair of people from different 
countiies have as well been published, Iyengar et al., (1978) compiled the range 
of elemental composition of human tissues including hair and body fluids of ‘normal 
man’. Ward et al, (1987) reported the hair elemental contents of luban Bulgarian 
population. Batzevich (1994) reported hair elemental levels of 17 etluiic gioups 
from the former USSR. Oluwole et al. (1994) reported hair elemental contents of 
Nigerian population: At the same time, a data base of the elemental composition of 
human hair obtained from studies of over 25 years has been compiled in the Physics 
Depai*tment at the University of SuiTey as part of the database for biological and 
enviromnental samples So far the date base includes elemental concentrations of 
hair samples from Bulgaria, England, Kenya, Nigeria and Wales. This study will
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produce the first data available on hair trace element concentration from children in 
Tanzania, which will also be included in the University of Sun*ey data base.
5,2 Sample collection
Prior to the sampling a siuwey was done to find a response, which might be 
received from parents when asked to donate hair samples. The survey demonstrated 
that people in Tanzania especially those fr'om inral areas were not going to be willing 
to donate hair samples particularly fr om children because of their strong superstitious 
beliefs. These people believed that hair could (as well as other body tissues) be 
employed in witchcraft to cast a bad spell on a person. This obsei-vation confirmed 
what was reported by Ikingura et al. (1996) who also experienced reluctance from a 
population in Tanzania in donating hair samples. Therefore, sample collection in this 
study was random and depended on the degree of trust the population had on the 
researcher. Samples were then collected in Dar es Salaam and Zanzibat', places that 
were considered as less influenced by the belief. The people in these regions were 
more awaie of scientific researches and the reseai'cher was better known in these 
places than other areas in Tanzania. The third group of samples were collected in an 
oiphanage/boai'ding school in Moshi district in Kilimanjaro region under the trust 
and permission of the headmaster.
Initially, the plan was to do all the sampling in primary schools, as it would 
have been easier to collect a large number of samples in a short time. Using schools 
however, involved asking for pennission from the ministry of education. 
Unfortunately, this involved a long process, which made it impossible to get the 
permission on time. As the sample collection was planned to be on two months, 
waiting for these pennits resulted in delays. For that reason, the hair samples had to 
be collected from individual children’s homes, under die permission o f their parents 
following a discussion about the objectives of the study. However, this limited the 
number of collected samples as the process was time consuming and taking into 
consideration their superstition beliefs; the paients had to be chosen carefully. Even 
from this small number of parents the response was not as good as expected.
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Yet, a total of 141 samples of hair from children of age between 5 - 1 5  years 
were collected from a boarding school in Moshi, Dar es Salaam and Zanzibar. 50 
samples were collected in Dar es Salaam, 45 samples in the boarding school and 46 
samples in Zanzibar. Out of the 50 samples collected in Dar es Salaam, 12 samples 
were collected from childi'en of educated parents. These samples were from kids of 
the people working at the University of Dar es Salaam. 22 samples were collected 
fr om childi’en living in the suburban areas of Dar es Salaam whose parents have low- 
income, and primary school level of education and 16 samples were collected from 
childi’en living in Dar es Salaam city centi’e. In Zanzibar, 26 samples were collected 
in Zanzibar town and 20 samples from Nimgwi village 64 km fr om Zanzibar town.
About 70 to 500 mg of hair was cut using pre-cleaned stainless steel scissors 
as near as possible to the scalp fi’om the left side of the nape. All children or the 
parents (when a child was below 7 years) were interviewed at the time of sampling to 
obtain some general infoimation on their health. The hair samples were then cut into 
1 cm long strands put into plastic bags and kept in a desiccator.
5.3 Sample Preparations
Prior to analysis, the hah’ samples were washed according to methods 
proposed by the IAEA 1977 The samples were washed once with analar acetone, 
tlu’ice in de-ionised water and once more with acetone. In each wash the samples 
were allowed to be in contact with the solvent for 10 minutes while stining. The 
samples were air dried for a minimum of 48 hours in a clean room laboratory and 
then inserted into a Polyethylene disc and sent to the Rez reactor centre for 
irradiation.
5.4 Sample Analysis
The irradiations were carried-out in the nuclear reactor LVR-15 of the 
Nuclear Research Institute Rez, operated at 9 MW.
The inadiation schemes of the samples are summarised as follows:
1. For short-lived, the irradiation time was 1 min, waiting time was 10 min and
10 min counting time
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2. For intermediate and long-lived iixadiations, the samples were irradiated for 2 
houi's, followed by 4 days of initial decay and 30 min counting time. Further 
2 hours counting was carried out after 1 month decay.
The concentr ation levels of the elements were calculated by the comparative 
method of INAA, using multi-element standards (MES). Quality control was carried 
out using certified hair reference material GBW 07601 (National Research Centre for 
Certified Reference Materials, China), NIST Orchid Leaves (SRM 1571), Apple 
Leaves (SRM 1515) and Urban Paiticulate (SRM 1648) analysed with the samples.
For short inadiation, samples and standards were irradiated in the active core 
of the nuclear reactor as explained in Chapter 3. The samples and standards were 
inadiated separately in polyethylene (PE) rabbits. After irradiation, the capsules 
containing the samples were surface washed with water and ethyl alcohol and 
counted using a well shielded n-type hyper pure germanium detector (HPGe).
For the long inadiation, samples and standards were inadiated in a water- 
cooled Al can in a channel located at the outskirts of the reactor core with neuti'on 
fluence rate 8x10^^ and 2x10^^ n cm s'  ^ for themial and fast neutrons respectively. 
A total of 40 samples and standai'ds each wrapped in Al foil were placed in one 
container of 9.5 cm length to form a coluimi and the neutron flux monitors (Fe disc 
of about 60 mg and 10 mm in diameter) were inserted between each set of 5 samples 
with the standards. After the irradiation, samples and standards were counted in a 
shielded p-type HPGe detector.
Since the neutron flux between the samples varies with the position of the 
sample in the container, the flux of the samples had to be monitored and the position 
of each sample in the column be noted. Percentage flux was nonnalized to the first 
monitor placed at the bottom of the column, calculated for each monitor in the 
container and plotted as a function of distance position. Since the position for each 
sample in the container was known, the equation from the graph was used to 
calculate the flux for each sample in the container. As an illustration, fig 5.1 shows
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the neutron flux distribution in an Al can containing 40 samples and standards. The 
flux decreased with the position of the sample fi*om the reactor core.
110 T y = -0.2827x+99.118 
R^= 0.9566100
80 -
70 -
Position (cm)
Fig. 5.1 Neutron flux distribution in Al can containing 40 samples.
5.5 Minimum Detection Limit
The MDL for elements found in hair samples detennined by short and long 
inadiation comparative method of INAA were calculated using equation 3.4 and are 
presented in Table 5.1. The MDL were very low for As, Sb, Au, Co, Sc, lanthanides 
(La and Hf) and rare earth metals (Sm, Eu and Dy).
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Table 5.1: The MDL (pg/g) of elements determined in hair samples.
Element MDL Element MDL
S% 0.6 Ce 0.3
Ca 75 Ag 0.2
Mg 66 I 0.1
K 39 Co 0.04
Fe 8 La 0.04
Sr 10 As 0.03
Cl 6 Eu 0.03
Na 5 Hf 0.03
Al 4 Ta 0.03
Cu 4 Th 0.03
Zn 2 Sb 0.02
Ba 1 V 0.01
Mn 0.5 Dy 0.01
Br 0.5 U 0.01
Cr 0.4 Sc 0.004
Cd 0.3 Sm 0.003
Se 0.3 Au 0.001
5.6 Accuracy and precision of the analytical method
For quality assurance, four reference materials human hair (GBW07601), 
Urban Particulate (SRM 1648), Apple Leaves (SRM 1515) and Orchid Leaves (SRM 
1571) were analysed together with the samples. Table 5.2 shows that the 
experimental values were all in good agreement with the certified values within 16% 
deviation.
129
Table 5.2: The experimental values against the certified values (pg/g±SEM) for four 
reference materials.
Elements
Hair
(GBW07601)
Urban Particulate 
(SRM 1648)
Apple leaves 
(SRM 1515)
Orchid leaves 
(SRM 1571)
Exp. Cert. Exp. Cert. Exp. Cert. Exp. Cert.
Na 13965.9 152610 4028621 4250620 2961 2461 8160.7 8266
K% 1.060.05 1.160.01 1.460.02 1.560.07
Al 27762 28669
S% 4.560.1 4.360.2
Cl 2664 35* 56466 579623
V <0.2 0.03* 0.2660.03 0.360.03
Mil 660.2 6.360.5 52 60.2 5463
Mg% 25836 15 2710680
Ca% 1.4 6 0.02 1.560.02
Cu 1060.8 10.660.7 545619 609627 760.6 5.660.2 1260.7 1261
Zn 187612 19065 4305653 47606140 2260.6 2562
Br 0.360.01 0.4* 49463 500625 1.2 60.1 1.8 960.1 1061
Sr 2163 2461 207615 3064 3763
I 0.760.1 0.8*
Ba 1760,4 1761 667692 737640 44 61 496 2 4264 4464
Dy <0.03 0.017
u 0.160.001 0.09*
As 0.360.001 0.2860.04 11561 115610 1160.1 1061
Cd <4 0.1160.02 7969 7567 0.160.02
Sb 8264** 100610** 4662 4562 360.1 360.3
La 5566** 50610** 3660.5 4462 160.02
Sm 1262** 0.012* 460.03 460.3 0.160.001
Au 361** 2.5**
Sc 860.1** 861** 660.2 760.1 0.160.002 0.160.01
Cr <0.260 0.3760.05 35769 403612 2.260.1 2.660.3
Fe 5266 5466* 3.760.1% 3.960.1% 252611 300628
Co 7066** 0.0760.01 1660.4 1862 0.1460.01 0.1660.04
Sc 0.660.06 0.660.03 2569 2761 0.0860.01
Ag <0.07 0.02960.006 660.3 660.2
Ce 0.1560.01 0.1260.03 5661 5564 160.1 160.1
* not certified 
** ng/g
5.7 Results and Discussion
A frequency distribution histogi*am was plotted for each element fr om the raw 
overall data and then tested with a Kormogorov-Smirnov (K-S) test for normality. 
Only S and Sr were normally distributed. However, when the data were split into the 
regions in which they were collected tlie essential elements Ca, Mn, Cu, Zn, I, Sr, K 
and Cl follow a normal distribution. The rest of the data were log normally 
distributed. These results agr*eed with the report fr'om Othman and Spyr*ou (1980) and
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Oluwole et al. (1994) that the essential elements in hair ai*e normally distributed 
As an example. Fig, 5.2 (a) shows the histogram of the normal distribution for Zn 
in data from the boaiding school wliile Fig. 5.2 (b) shows the log-normal distribution 
for Fe in data from Zanzibar.
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Fig. 5.2: The frequency histograms for (a) concentration of Zn in hair of children in a 
boarding school in Moshi, (b) log concentration of Fe in hair from children in Zanzibar
Tanzania.
5.7.1 Hair elemental composition according to regions
Since most of the elements in the overall data were not normally distributed 
non-parametric tests were applied for statistical analysis of the data in this work. The 
Kruskel-Wallis test was conducted to find the differences in means of the elements in 
hair collected from the three regions (significant value was taken as p<0.05). Results 
fi'om this test indicated that except for S and Cu, all the remaining elemental mean 
concentrations differ significantly among the three regions. Generally, S in hair has 
the narrowest range, which could be explained by the fact that this element occurs in 
keratin and is essential in the foimation of hair The wide range interval of other 
elemental concentiations has also been reported in the literature which indicates an 
extensive hair elemental variation between different geographic societies, which 
could be associated with the differences in the environmental and nutiitional sources.
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Samples from the boaifring school in Moshi had significantly higher values of 
rare earth elements Dy, La, Sm, Ce, Hf, Ta and Th than the two regions. The 
concentrations of these elements in the samples might be associated with 
geochemical conditions of the region such as soil and geological materials. These 
elements were detected in all samples from the boardmg school, and in a few 
samples from the other two regions. For instance, H f was detected in all samples 
from the boarding school whilst it was detected in only 14% and 7% of the samples 
from Dar es Salaam and Zanzibar, respectively. T ain  concentration above MDL was 
not detected in any sample from Dar es Salaam and Zanzibar whilst detected in all 
samples from Moshi.
The mean concentration of Al in the samples from the boarding school was 
significantly liigher than its mean in the other two regions. Al in the boaiding school 
was 7 times and 12 times higher than Al in samples from Dar es Salaam and 
Zanzibar, respectively. The mean Al value from this region (639pg/g) was also 
considerably higher than the hair Al reported in children of the same age in 
KazaMistan, Italy and Hong Kong Al in the body is non essential and toxic 
hence its exact source in the samples from this school should be analysed further. 
The mean concentration value of Fe in the samples fr'om this region was also very 
much higher than the levels of Fe in the hair samples from Dar es Salaam (6 times) 
and Zanzibar (9 times). This value was also about 6 times higher than the values 
reported in Kazaklistan, Italy and Hong Kong Moshi district in Kilimanjaro
region (where the school is located) is home to Kilimanjaro -  a volcanic mountain. 
Thus, the soil in Moshi is probably developed from volcanic materials. Reports on 
soils in the world have shown high concentrations of Al and Fe in the soil from 
volcanic regions Thus, high concentrations of Al and Fe in hair of children
from this boarding school might be associated with soil of the region. Samples from 
the boarding school had also significantly higher mean concentrations of K, Mn and 
Sc
Moreover, the children in this boarding school had significantly higher mean 
concentrations of Cr and V than children from the other two regions which indicate 
local environmental exposure. Cr and V in the samples fi*om Dar es Salaam and
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Zanzibai* were similai' while those from the boarding school were 2 times for Cr and 
4 times for V higher than those concentrations found in hair from Dar es Salaam and 
Zanzibar. The samples from the boarding school had also similar' mean concentration 
of Co with samples from Dar* es Salaam which were significantly higher than the Co 
in samples from Zanzibar. Several industries ar e located within the proximity of the 
school, these include leather, breweries and coffee industries. The mean 
concentration of V in the samples might be related to the operations of the industries, 
Co could be associated with the breweries industr'y whilst Cr could be associated 
with the tanning of leather in the leather industry
The samples fr om Dar es Salaam had significantly higher mean values of Se 
and I than the other regions. Mean concentration of I in these samples was 
approximately 4 times higher than the hair value in children from Zanzibar and the 
boarding school. Samples from Dar es Salaam had also significantly higher 
concentrations of Fe and Co than samples fi'orn Zanzibar*.
Samples from Zanzibar* had significantly higher concentrations of As, Br, Ca 
and Zn than the other* two regions. The mean concentration of As in Zanzibar was 3 
times and 1.5 times higher than that obtained in the samples from boarding school 
and Dar* es Salaam respectively. The main source of As is sea food and dr*irrking 
water, but As in sea food exists mostly in organic compounds which are much less 
hai*mfril to health because they ar e readily eliminated by the body as waste The 
higher concentrations of As in samples from Zanzibar might be associated with fish 
diet and/or the dr inldng water in Zanzibar. However, the mean concentration of hair 
As (0.32pg/g) obtained in Zanzibar* was in the range reported to be in the hair of 
nor*mal children of the same age in Croatia
The samples fi*om Zanzibar* had significantly the lowest mean concentration 
of Fe (41 pg/g) than the other two regions analysed in this work. However, this value 
is similar to the value reported in Kazahstan and Hong Kong and higher* than the 
value reported in Italy The mean concentration of Zn in samples fi*om
Zanzibar is in the same range as the hair Zn value reported in healthy children of the 
same age in Italy and Hong Kong (150pg/g) whilst the samples fi'om the
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boardmg school had mean concentration level of -105 pg/g which might be 
considered to be in the lower margin. Low hair zinc in Iranian people was also 
associated with malnutrition, poverty and/or cultural habits o f the people 
Hambidge et al. (1976), reported Zn concentrations in the range of <105 pg/g in the 
low income childr en. Hambidge suggested further that these levels were tire outcome 
of low income diets of these children because the concentrations of Zn in their hair 
increased by 71% after 3 month of being provided with well balanced diet Weber 
et al. (1990) found hair Zn mean concentration of < 100 pg/g in malnourished 
children. Out of which concentrations of < 60 pg/g were found in children with 
severe malnutrition In this study 44% and 40% of the samples ft om the boarding 
school and Dar es Salaam, respectively had Zn hair concentrations of < 100pg/g in 
contrast to 4% of the samples ft'om Zanzibar. 18% of the samples in children from 
the boarding school and 2% of the samples fr om Dai* es Salaam had concentrations < 
60pg/g while no samples of this range of concentrations were found in samples from 
Zanzibar. The differences in mean concentiations of Zn between the tlrree regions 
demonstrate the variation in food consumption habits. Meat and fish which normally 
enhance the absorption of Zn in the stomach have been reported not to be consumed 
frequently by people in Tanzania mainland (including Dar es Salaam and Moshi) in 
conti*ast to the population of Zanzibar island who normally have fish in their diets on 
regular basis As has been mentioned earlier, the gi*een vegetables and beans 
consumed by the mainland Tanzanian lower the bioavailability of the essential 
elements further.
The mean concentration of Cu found in the samples from all three regions 
were similar, they were 10.4 ±1 pg/g for Dar es Salaam, 9.6 ±0.6 pg/g for Boarding 
school and 11 ±1 pg/g for samples from Zanzibar. These values were lower than the 
values reported in hair of healthy children from Kazakhstan, Kenya, Hong Kong and 
Lahore city in Pakistan However, the values of hair Cu found in this study were 
comparable to the mean obtained in Islamabad, Paldstan (9.6 ±3 pg/g) Weber et 
al. (1990) classified the value of children hair Cu of 6 - 23 pg/g as normal, hence 
according to this classification the values obtained in this thesis were within the 
normal concentration range of hair Cu in healthy children. However, 7% of the 
overall samples analysed in this work had concentrations of less than 6pg/g which
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Webber et al. (1990) obtained in malnourished children. The staple foods for 
Tanzanian children analysed in this thesis were found not to be very good sources of 
Cu (see Table 4.15). Although whole cereal is among the source of Cu in the diet, its 
concentration in polished cereal and flour will depend on the degi’ee of refinery of 
the cereals. The concentrations of Cu in the two staple foods fr om Tanzania analysed 
in this study were low.
Fig. 5.3 shows bar charts o f elements detected in the hair samples from the 
three regions of Tanzania. The mean concentration levels were mfluenced by diets, 
geographic locations and environmental exposui*e.
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Fig 5.3: Bar charts showing elements detected in hair samples from children living in 
Dar es Salaam, a boarding school in Moshi and Zanzibar.
5.7.2 Hair elemental concentrations influenced by urban/rural way of life
The non parametric Mann-Whitney test was carried out on the data from 
Zanzibar to compare the means of elements in samples from children living in 
Zanzibar town and those living in Nungwi. The results from this test provided a
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variation of elemental concentration in hair influenced by urban/rural way of life. It 
was found that hair samples foiin Zanzibar town had significantly (p < 0.05) higher 
concentrations of Na, K, Cu, As, Au, and Co, whilst hair from Nungwi had 
significantly higher concentiations of Br, Ca and Se. The mean concentration of Cu 
in samples fiom Nungwi village (Spg/g) was lower than that reported in literatui e for 
health childien while that in samples fi'om Zanzibar town was comparable to the 
value in the literature The lower mean concentration levels of the essential
elements Na, K and Cu in the hair of Nungwi children might be caused by a low 
intake of these elements fiom their diets. Zn and Fe were slightly (20% and 14%, 
respectively) higher in samples fiom Zanzibar town than in samples fi'om Nungwi 
although the differences were not significant. The mean concentrations of Zn and Fe 
in both groups were found to be comparable to the mean concentrations of these 
elements in healthy children of the same age group from elsewhere
Fig. 5.4 shows the box plots of elements found in hair from children living in 
Zanzibar* town and Nungwi. The box plot for each element indicates a 25^ percentile 
as the lower hinge, and 75^ percentile as the upper hinge, a median which is shown 
by the line in the box, the upper and lower value (range) shown by the whiskers, the 
number of the sample with the outlier value shown by a ‘o’ and a far outlier value 
shown by a star. As the plots show the data for each element from Zanzibar* town 
have a broader* range than the data from Nimgwi showing a bigger* diversity of life in 
town.
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Zanzibar town and Nungwi village.
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5.7.3 Hair elemental concentrations influenced by parents’ education
Data fi'cm the childi-en of the staff of the University of Dar es Salaam were 
then compai'ed with the data from the childien in Kiwalani. The kids with their 
parents working at the University were considered as the children from educated 
parents and the other group as childien from uneducated parents. The Mann-Whitney 
test indicated that children from educated pai'ents had significantly (p < 0.05) higher 
concentrations of Al, K, Sr and Sc whilst children from imeducated parents had 
higher concentrations of I. Zn in hair from both groups were similar (-105 pg/g) 
whilst Fe and Cu were slightly (18% and 28%, respectively) higher in cliildren from 
educated parents than children o f the other group. The mean concentrations for both 
Zn and Cu in both groups were lower than the mean concentrations of these elements 
in children of the same age gioup reported in Kazakhstan, Hong Kong and Italy
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There were no big differences in the means of the essential elements between 
the two gi'oups which might indicate the same eating habits. As has been mentioned 
earlier, most of the Tanzanian diets (except Zanzibai* where fish is among the daily 
diet) include beans and green leaves which are taken as sauces whilst fish and meat 
are used only occasionally The results in this study demonsti'ated that the level of 
education of the parents did not change the eating habits of the residents of Dar es 
Salaam. Although the number of samples (22 for uneducated and 16 for educated) 
was not big enough to come to a definite conclusion, there is a need for nutrition 
awareness and diet planning for the educated as well as the other populations 
especially as the former group could afford to include additional animal protein in 
their meals to enhance the absolution of Zn.
Fig. 5.5 is bar charts of selected essential elements in hair o f children of 
educated and uneducated parents. The differences between the mean concentrations 
of the elements are small.
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Fig. 5.5: bar charts of selected essential elements in hair of children of educated and
uneducated parents.
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5.7.4 Elemental concentrations of hair Influenced by living together
The mean concenti'ations of elements in samples from 4 girls of age 7-13 
yeai's (mean = 11 ±1 years) of the same family living together were compared with 
samples from children living in the neighbourhood (within 0.5 km) of age 6-15 years 
(mean = 13 ±1 years). The Mann-Whitney test showed that the mean concentrations 
of Mg, K, Ca, Br Sr, Cr, Co and Se were significantly (p < 0.05) higher in the latter 
group than the former. V was similar in both groups which indicated a local 
exposure. The children from the same family had higher mean concentrations of Cu 
and Zn by factors of 2 and 4, respectively, than the other group while Fe was 5 times 
lower. The differences in Cu, Zn and Fe in the two groups were not statistically 
significant. Table 5.3 compares the elements in hair of childr en from the same family 
who were living together in contrast to their neighbours. The ranges of elements in 
the group of children o f the same family living together were narr ower than the range 
of the other group showing the influence of eating similar food and living in similar 
enviromnent. Similar observation was reported by Chojnacka et al. (2006) who also 
formd that the influence of living habits on hafr elemental concentrations was 
stronger than the influence of sex or family relationship
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Table 5.3: The mean concentration (pg/g ± SEM) of elements found in hair of children
living in Kariakoo.
Element
Same family 
(n = 4)
Neighbours 
(n = 6)
4±0.6 21 ±5
Na 3-5 5-41
369±104 317±70
Mg 257-577 92-613
30±2 129±30
Al 26-34 53-264
79±44 875±281
Cl 35-166 379-2198
6±1 41±17
K 4-7 8-120
1925±226 683±192
Ca 1494-2257 226-1569
0.14±0.02 0.2±0.04
V 0.1-0.2 0.05-0.35
8±1 6±2
Mn 6-9 2-14
26±13 11±2
Cu 13-52 8-21
418±74 117±16
Zn 342-565 61-171
0.8±0.2 4±1
Br 0.5-1 2-9
19±7 13±1
Sr 10-32 12-14
0.70±0.03 0.9±0.3
1 0.6-0.7 0.3-2
0.05±0.02 0.15±0.04
As 0.02-0.08 0.01-0.3
10±0.01 133±44
La* 10-10 30-260
3±1 21 ±8
Sm* 1-4 3-60
0.06±0.01 0.04±0.04
Au 0.05-0.09 0.001-0.2
3±1 20±4
Sc* 2-4 10-40
0.13±0.02 0.7±0.3
Cr 0.1-0.2 0.1-2
22±7 102±19
Fe 10-35 67-192
0.20±0.04 0.07±0.02
Co 0.2-0.3 0.03-0.1
* ;implies concentration in ng/g
5.7.5 Variations in elemental concentration in relation to gender
Fig 5.6 shows the relative overall elemental concentrations of hair according 
to sex of the children. The majority o f the elements were found to be higher in hair of 
girls than boys. A Mann-Whitney test showed significantly (p < 0.01) higher 
concentrations of Mg, Al, Ca, V, Mn, Cu, I, Sm, Co and Ce in hair of female children 
than male whilst Cl, Br and Au were significantly (p < 0.01) higher in hair of male
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than female. The mean concenti'ations of Cd, As, Sb and Ag were also higher in the 
hair of boys than girls although the differences were not significant. The levels of 
toxic elements As and Cd were similar.
The differences in hair elemental composition between sexes have been 
reported in many studies and have been associated with physiological development 
Erten (1978) and Chojonka et al. (2006) reported no variation of Zn with 
sex. Similar obseiwation has been found in this study as the mean concentration of Zn 
in hair of girls was only 0.8% higher than that in boys. Othman and Spyrou (1980) 
reported similai' trends as that found in this thesis for Ca and Mn; higher 
concentrations were found in hair samples from female compaied to male subjects 
from Machakos Distiict in Kenya Senofonte et al. (2000) reported significantly 
higher concenti'ations of Ca, Mg and Sr in girls than in boys living in Rome, Italy 
His results agieed with our findings for Ca and Mg. Sr in this study was found to be 
higher but not statistically significant in girls than boys. Results in the present study 
agi'ee also with Chojonka et al. (2006) who reported significantly higher 
concentrations of Mg, Ca, Cu, and Mn and lower concentration o f An in female 
subjects than male subjects.
Fig 5.6 shows the concentrations of elements in hair of girls relative to boys. 
As the fig shows most of the elements were found to be higher in hair of girls than 
boys.
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Fig 5.6: Percentage girls hair elemental concentration relative to boys hair.
5.7.6 Variations in elemental concentration in relation to age
Table 5.4 shows the mean concentrations of elements in hair grouped in age 
groups 5-7 years, 8-11 years and 12-15 years. The Kruskal-Wallis test showed 
significantly differences (p < 0.05) only between the mean concentrations of I within 
the age groups. This element was found to be significantly higher in the lowest age 
group (5-7 years) than the other two groups. Spearman’s correlation indicates also 
that this element together with Cu is significantly decreasing with age, although the 
correlation was weak, (r = -0.22, p < 0.01 for I and r = -0.18, p < 0.05 for Cu). Zn 
was found to increase with age but the rise was not statistically significant.
The literature reports on the correlation of elements in hair with age are 
inconsistent. No correlation of element with age was reported in hair of population 
from Bulgaria whilst Cu and Zn were found to decline only after the age of above 
40 years In other reports, Ca, Cu and Zn were found to increase with age in the 
hair of school children in Rome Ca and Zn were also found to increase with age 
in hair of children from U.S.A Zn was found to increase with age in the hair of
children in Sweden and became constant after the age of 20 years
Except for Cu and I, the results in this thesis supported the observation 
reported by Deeming and Weber (1978, 1990) and Ward et al. (1987) that elements
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in hair do not correlate with age Zn was found to increase with age in the 3
out of 5 reports reviewed in this work. It was also found to increase with age 
although none significantly in this study. The declining of Cu and I with age found in 
this thesis did not support any of the 5 reports discussed in this work.
The inconsistency on variation of hair elemental concentrations with age 
shown by the literature reviewed together with this work may have also been 
influenced by the preparation of samples (such as methods used in washing the hair) 
before the analysis. Each of the five studies mentioned above in addition to this work 
applied different washing procedures when preparing the samples. Ward et al. (1987) 
reported a strong dependence of elements in hair with the washing procedures used. 
Different washing procedures will retain or leach elements differently depending on 
the chemicals used in the process That is why the IAEA issued a report for 
washing procedures in preparation of hair for analysis
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Table 5.4: The mean concentrations (pg/g ± SEM) of elements in hair arranged
according to age.
Element
5-7 years 8-11 years 12-15 years
N Mean N Mean N Mean
Na 41 27±7 61 294=3 40 27±4
Mg 41 1294=18 61 1494=20 40 1414=21
A l 41 175±19 61 3584=64 40 1744=33
8% 41 4.64=0.05 61 4.64=0.03 40 4.64=0.05
Cl 41 11924=131 61 1197=fcll7 40 10904=113
K 41 394=7 61 484=6 40 424=5
Ca 41 6854=72 61 6054=78 40 6574=77
V 41 0.34=0.05 61 0.54=0.08 40 0.34=0.04
Mn 41 74=1 61 94=1 40 74=2
Cu 41 114:1 61 114=1 40 10=bl
Zn 41 , 1204=8 61 1304=10 40 1354=11
Br 41 7=tl 61 64=0.5 40 64=1
Sr 16 184:2 25 144:2 22 164=2
I 41 3±0.6 61 2±0.3 40 2=t0.4
Ba 13 ll= tl 19 134=2 . 17 94=1
Dy 14 0.05±0.01 26 0.084=0.01 14 0.054=0.01
U 17 0.064=0.01 29 0.064=0.01 21 0.14=0.02
As 40 0.24=0.03 60 0.24=0.002 39 0.2=b0.03
Cd 8 34=0.6 14 l=t0.2 8 3=t0.8
Sb 41 0.24=0.05 59 0.24=0.03 39 0.34=0.1
La 41 0.34=0.08 61 0.64=0.1 40 0.64=0.2
Sm 41 0.034=0.01 61 0.064=0.01 40 0.03=t0.01
An 40 0.074=0.02 60 0.074=0.02 34 0.U0.02
Sc 41 0.024=0.01 61 0.054=0.01 40 0.024=0.004
Cr 41 0.54=0.07 60 0.64=0.09 40 0.54=0.1
Fe 41 1064=22 61 2204=40 40 1124=19
Co 41 0.14:0.04 61 0.14=0.02 40 0.1=b0.01
Se 41 0.54=0.02 61 0.64=0.01 40 0.74=0.2
Ag 24 0.34=0.09 20 0.74=0.4 14 0.24=0.03
Ce 31 0.74=0.2 57 1±0.2 36 1.04=0.4
Ell 13 0.14=0.04 31 0.05=t0.01 14 0.1±0.04
H f 16 0.084=0.02 30 0.24=0.02 15 0.14=0.01
Ta 7 0.084=0.02 29 0.14=0.02 11 0.14=0.01
Th 8 0.14=0.03 28 0.24=0.03 13 0.14=0.02
5.7.7 Correlation of elements in hair
A non parametiic Spear’s coiTelation test was earned out for elements in the 
overall data of hair from Tanzania considering p < 0.05 (Table 5.5). Strong 
correlations were observed within elements of the same chemical properties as well 
as co-occurrence in nature. For instance sti'ong conelation was obseiwed between the
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halogens Br and Cl, transition elements V, Mn, Cu, Sc, Fe, Cr and Co, rare earth 
elements Dy, La, Sm, Ce and Na and K. Oluwole et al. (1990) reported the same 
obsei-vation for transition elements and halogens. However, in their study unlike 
what was observed in this work, the halogens correlated with Cu and Na 
Chojnacka et al. (2006) observed also correlation between elements of the common 
occuiTence where sti'ong correlations between Fe, Mn and V were found
Fig 5.7 shows the cluster analysis of some elements in hair of children from 
Tanzania. Three gi'oups of elements could be identified. The first group comprised 
Sc, Fe, Al, V, Cr, Mn, Na, K, Sr, I and Co. The first four elements in this grouped 
foimed a sub group with strong correlation between its members whilst Na and K, 
and Co and I formed another two sub groups however, with less sti'ong conelation. 
The presence o f this group in hair was also reported by Nowak (1998) The 
second gioup included Mg, Ca, Cu, Zn, As with Mg and Ca forming a sub gi'oup. 
The third group comprised Cl, Br and S with Cl and Br fonning a sub group. Se did 
not fit in any group. The results fi'om the cluster plot (dendiogram) agieed well with 
Spear’s conelation shown in Table 5.5.
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Table 5.5: The correlation of elements found in hair of children in Tanzania. 
Significant value was taken as p < 0.01 unless stated.
Element Correlating Elements (Spear’s correlation coefficient)
Na Al, K, V, Mn, Dy, Sb, La, Sm, Sc, Cr, Fe, Ce
Mg Ca, Mn, Cu, Zn, Co
Al Na, Cl*, K, V, Mn, Dy, Sb, La, Sm, Sc, Cr, Fe, Co, Ce, Cl*
S Cl
Cl Al*, S, Br, Dy*, Sc*, Fe*
K Na, Al, V, Dy, Sb, La, Sm, Sc, Cr, Fe, Co, Ce
Ca Mg, Mn*, Cu, Zn, I*, As, Co*
Sc Na, Al, Cl*, K, V, Mn, Dy, Sb, La, Sm, Cr, Fe, Co, Ce
V Na, Al, K, Mn, Cu, I*, Dy, Sb, La, Sm, Sc, Cr, Fe, Co, Ce
Cr Na, Al, K, V, Mn, Dy, Sb, La, Sm, Sc, Fe, Co, Ce
Mn . Na, Mg, Al, K, Ca*, V, Cu, I, Dy, Sb, La, Sm, Sc, Cr, Fe, Co, Ce
Fe Na, Al, Cl, K, V, Mn, Dy, Sb, La, Sm, Sc, Cr, Co, Ce
Co Na*, Mg, Al, K, Ca*, V, Mn, Cu, I, Dy, Sb, La, Sm, Sc, Cr, Fe, Ce
Cu Mg, Ca, V, Mn, I, As*, Co
Zn Mg, Ca, As*,
As Ca, Cu, Zn*, Br
Br Cl, As
Sb Na, Al, K, V, Mn, I*, La, Sm, Au, Sc, Cr, Fe, Co, Ce
I Ca, V, Mn, Cu, Sb*, Au, Co,
La Na, Al, K, V, Mn, Dy, Sb, Sm, Sc, Cr, Fe, Co, Ce
Au I,Sb
Ce Na*, Al, K, V, Mn, Dy, Sb, La, Sm, Sc, Cr, Fe, Co
Sm Na, Al, K, V, Mn, Dy, Sb, La, Sc, Cr, Fe, Co, Ce
Dy Na, Al, Cl, K, V, Mn, La, Sm, Sc, Fe, Co, Ce
implies p < 0.05
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Fig: 5.7. Cluster analysis for selected elements in hair of children from the three
regions in Tanzania.
Different dendogi*ams were obtained when data from the thi'ee regions were 
clustered sepai*ately. Data from Dar es Salaam clustered into three groups, data from 
Moshi foimed two groups and data from Zanzibar foimed four gi'oups. However, Al, 
Fe, Sc and Cr clustered together, Cu and I formed another closely related cluster and 
Cl and Br foim another cluster in all thi'ee regions.
V and Cr clustered together in data from Dar es Salaam and Moshi while they 
were in different gi'oups in data from Zanzibar*. The conelation of these elements was 
stronger in data fom Moshi than Dar es Salaam, where the elements were associated 
with exposure from industrial pollution. Mg and Ca fonned a sub group in data from 
Moshi and Zanzibar wliilst they were less correlated in data from Dar es Salaam, The 
conelation of Zn with other elements varied among the gi’oups. Zn clustered with Cu
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aiid I in data from Zanzibar, with Cl and Br in data from Moshi and with Ca in data 
from Dar es Salaam.
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Fig. 5.8: Cluster analysis for selected elements in hair of children from Dar es Salaam.
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Fig. 5.9: Cluster analysis for selected elements in hair of children from Moshi
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Fig 5.10: Cluster analysis for selected elements in hair of children from Zanzibar
5.7.8 Comparison with literature values
The overall hair elemental compositions found in this work for the childi en in 
three regions of Tanzania were compared with the elements in hair of children of the 
same age reported in the literature (Table 5.8). The concentration ranges obtained in 
this study overlapped with the levels reported for children of the same age group 
from Kazakhstan, Kenya, Italy and Hong Kong. For instance, the mean Na 
concentration found in this study was lower than the value reported in Kazaldistan 
but was comparable to the mean reported fr om Kenya, neighbouring Tanzania 
The Mg and Mn levels found in this study were also higher than the values 
reported in Kazaldistan, Italy and Hong Kong but within the range found in Kenya 
233, 275-277 mean concentiation of Zn found in this study was higher than the 
value in Kenya but lower than the mean values in hair fr om Kazaldistan, Italy and 
Hong Kong, however the concentration range of this element in Tanzania was 
comparable to the range fr'om Italy and Hong Kong The mean Cu
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concenti*ation in Tanzania was the lowest of the five comitiies reported in Table 5.8 
although its range was comparable to that in Hong Kong.
The mean concentrations o f Al and Fe found in the analysed hair samples 
fi'om Tanzanian children were very much higher than the values of these elements 
reported in the other four countiies (Table 5.6). However, the means for both 
elements were quite influenced by data from hair of children in the boarding school. 
Probable reasons for having high concentrations of these elements in hair fi'om 
Moshi have been explained earlier. If the mean concentrations were to be calculated 
without including these data, the value for Al and Fe would have dropped to 71±5 
pg/g and 51±3 pg/g respectively which would have been compaiable to the range of 
values reported in the literature
The mean concentrations of the toxic elements V, As and Co in hair of 
children fiom Tanzania were found to be comparable with the mean reported in the 
other four countries shown in Table 5.6.
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Table 5.6: Comparison of the hair mean elemental concentrations found in this study 
with the literature (MeaniSEM, pg/g).
Element Tanzania 
n =141 
This study 
Age; 5-15yrs
Kazakhstan 
n=17 
Ref; 23 
Age; 6-15yrs
Kenya 
n = 22 
Ref; 6 
Age; l-12yrs
Italy 
n = 412 
Ref: 21 
Age:3-15yrs
Hong Kong 
n = 23 
Ref: 22 
Age;5-13yrs
Na 28±33-279
574 16
Mg 141±12<66-880 90 360
28
0.1-312
89
5-180
Al 252±3212-347 101
10.2
0.1-27.6
13.83
6-28
S(%) 4.6±0.34.0-5.2 4.3 3.5
5.15 
2.1-6.1
Cl 116517135-3579 3006 243
K 44143-207 725
12.24
2-30
Ca 64414523-3760 990 540
450
11-3101
769
255-1400
V 0.410.04<0.01-3.4 0.169
1.22
0.03-7.57
0.077
0.014-0.16
Mn 810.7<0.5-66 3 10
0.35
0.02-7.59
1.59
0.7-2.5
Cu 1010.5<4-52 17 19
22
0.29-280
13
2-25
Zn 1291634-565 188 98
150
24-477
155
23-229
Br 610.4<0.5-24 8 12
Sr 16*11<10-39 12
1.2
0.06-6.31
2.61 
0.6-4.1
I 210.3<0.1-14 0.8 0.600.5-0.7
As 0.210.02<0.03-0.9 0.64
0.09
0.02-0.93
0.11
0.05-0.17
Au O.liO.Ol<0.01-0.9 0.004
Cr 0.510.005<0.2-3.5 0.56
0.99
0.03-19.7
Fe 1561202-1437 46
19.0
0.29-216
58.29
26-110
Co O.liO.Ol<0.05-2 1.0 0.670.02-3.83
Se 0.610.06<0.3-8 0.8
0.77
0.05-17.5 ^ Îimplies n = 62,
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5.8 Conclusion
Samples of hair fiom children in three regions of Tanzania (Moshi, Dar es 
Salaam and Zanzibar) were analysed by short and long irradiation INAA. A total of 
34 elements which were Ag, Al, As, Au, Ba, Br, Ca, Cd, Ce, Cl, Co, Cr, Cu, Dy, Eu, 
Fe, Hf, I, K, La, Mg, Mn, Na, S, Sb, Sc, Se, Sm, Sr, Ta, Th, U, V, Zn were analysed 
when the data fi'om both methods were combined.
The differences o f elemental mean concentrations between the three regions 
showed variations in geographical locations, enviroiunental pollution and the diet 
consumption habits of the children within a region. For instance, samples fiom a 
boai'ding school in Moshi distiict o f Kilimanjai'o region showed higher 
concentrations of rare earth metals, Al and Fe than the other two regions which could 
be related to the type of soil. The samples fiom this aiea had also higher 
concentrations of V and Cr which were associated with industiies located near the 
school. Samples fiom Zanzibar had higher concentrations of Zn, Ca and Br which 
were related to their diets, while the souice for higher mean concentration of As in 
samples fiom Zanzibar was not identified in this work.
The children living in town (Zanzibar town) had significantly (p < 0.05) 
higher concentration of Cu as well as higher concenti'ations of Zn and Fe although 
not significantly different than childien living in a village (Nungwi village). The 
concentrations of toxic elements As and Co were also significantly higher in children 
living in town than children living in the village indicating more exposure to 
enviroiunental pollution in town than village.
The education of the pai'ents of children in Dar es Salaam did not have much 
influence on the elemental concenti'ations in hair of the children. The reason for 
saying that is because the essential elements in hair of children fiom educated parents 
were similar to the concentration level in hair o f children fiom uneducated families. 
The concentration levels of Zn and Cu in the samples fiom both gioups were lower 
than the value reported in the literature indicating less consumption of meat and 
animal proteins by both groups.
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The mean concenti'ations of most o f the elements in this study were comparable 
to the published elemental levels of healthy children of the same age group fiom 
Kazakhstan, Kenya, Italy and Hong Kong. However, accumulation of Al in the hair 
fiom the children in the boarding school in Moshi needs fiuther follow-up because 
Al is toxic. The concentrations of Zn and Cu in most of the samples analysed in this 
work were in the lower margin. Hence, Zn deficiency might be a problem in most of 
Tanzanian children.
155
CHAPTER SIX
6.0 Determination of radioactivity in staple foods from Tanzania
Foods and water fiom contaminated environment may accumulate radioactivity 
that could foim a direct route of exposure to human population when consumed. In 
Tanzania research into levels of radioactivity in the environment and calculations of 
internal dose exposure to humans is a new field, and efforts are done to create a 
natural radiation database, which will be used to assess the associated health and 
exposur e risk to public. The main soinces of environmental radioactivity in Tanzania 
are the natural ones that could contaminate the environment either through the 
uncontrolled mining activities or the use of phosphate fertilizers For about two 
decades the mining sector of Tanzania has grown uncontrollably fast. Small and 
large scale mines are scattered all over the country. These mining activities might 
introduce into the environment elevated concentrations of radioactivity because 
minerals such as coal, sandstone, gypsum, monazite, mica and natural gas contain 
high concentr ations of uranium and/or radiurn^^^.
On the other hand, the use of phosphate fertilizer during fanning is also a 
common practice in Tanzania as the soil is acidic and P deficient Phosphate 
fertilizers are manufactured fiom the phosphate rocks, which ar e reported to contain 
radioactivity an order of magnitude higher than soil and other rocks fiom normal 
radiation backgrormd Tanzania has several deposits of phosphate rocks, which 
are used directly in farming as fertilizer and the rock fiom Minjigu in the Northern 
region is exported or used in the rnanufactm'e of phosphate fertilizers.
So far, researches into the levels of natural radioactivity have been undertaken 
only at the Minjigu Phosphate mines. The results have shown relatively high 
concentr-ations of uranium (480-1100 ppm), with higher activities of ^^^Ra (5022 
Bq/kg) in contrast to many other rocks formd in the world ^hese researches
have also shown activities of ^^^Ra in the edible leaf vegetation (393 ±9Bq/kg), 
surface water (4.7 ±0.4Bq/kg) and chicken feed (4 ±0.1) collected around the 
Minjigu mines The fertilizers manufactured from Minjigu phosphate rocks are 
also reported to have high activities of ^^^Ra These fertilizers, direct use of
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phosphate rocks and other phosphate fertilizer imported from other countries are 
commonly used in the cultivation of maize.
This is a development of a study programme suggested by Banzi et al. (2000) 
to investigate the radioactivity contents in the locally grown foods. The research 
has gone further in calculating the dose rate for children from specific activities in 
the samples.
6.1 Sample preparation
Sub samples (25 and 30 samples of rice and maize flour respectively) were 
taken from the samples, which have been collected fi'om Mbeya, Morogoro Dar es 
Salaam for rice and Mbeya and Dar es Salaam for maize flour as explained in 
Chapter 4. The samples were ground, sieved tlu'ough a 100 mesh (149pm) to ensure 
homogeniety, weighed, packed in 400ml plastic container, coded according to its 
origin and kept in desiccators. Several series weight measurements were taken to 
note when constant weights in samples were achieved. The average weight for rice 
was 200 ±3 mg and that for maize flour was 167 ±3 mg.
6.2 Sample analysis
Low-level radioactivity measurements for the samples were caiiied out at the 
Depaifment of Physics, University of SuiTey. The system consists of a well-shielded 
n-type hyper pure germanium (HPGe) detector (Fig 6.1) of relative efficiency 20% 
(efficiency of the detector compared to the efficiency of 3 inch by 3 inch Nal 
detector) and resolution (FWHM) 1.74 using a 1332 keV ^^Co photopeak.
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Fig 6.1: The system for the low-level radiation measurements used in this work.
25 samples of rice and 30 samples of maize flour were each put into a 500 ml 
polyethylene bottle, placed on to the surface of the HPGe and counted for 24 hours. 
The background spectra obtained from an empty bottle counted for 24 hours was 
used to find the background activities of the radionulcide as well as their minimum 
detection limits. The energy calibration was carried out daily before counting another 
sample using 400 ml of ’^^Eu liquid source of activity 35 kBq.
6.2.1 Efficiency calibration
Since the specific activities of the radionuclides in the samples were 
calculated using the absolute method, the efficiency calibration of the system was 
necessary. This was carried out using the same liquid '^^Eu source used for energy 
calibration placed on the detector and counted for 1800 s. The absolute peak 
efficiency for 9 peaks of the ^^^Eu source were calculated and plotted against energy 
as shown in figure 6.2. The equation of the graph was used to calculate the absolute 
efficiencies of the radionuclides in the samples.
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Fig 6.2: The absolute efficiency against energy of the photopeak from the calibration
152E ll liquid source
6.2.2 Specific activity
The specific activities of the elements found in the samples were then calculated 
using the formula given by Dovlete and Povinec, 2004
A NsPTmK^K^K^K^ (6 1)
Where;
N  = is the net peak ai ea of the coiTesponding photo peak given as;
Ns = the net peak area in the sample spectrum
Nb = con'esponding net peak area in the backgiound spectrum
8 = the absolute efficiency of the y-ray energy of interest.
T  = the live time of the sample specti'um collection, 
m = mass of the measured sample
Py = the emission probability of the gamma line corresponding to the peak energy of 
interest.
Ki = connection factor for the nuclide decay from the time the sample was collected 
to the start o f the measiuement given as:
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=  exp
r ^ln2A^ (6.2)
where At = is the elapsed time from the time the sample was taken to the begimiing 
of the measurement and T1/2 is the radionuclide half life.
K2 = correction factor for the nuclide decay during counting period given as:
K .= l-exp<^-- (6.3)
' ' r  V L "1/2 j y
where tr = the elapsed real clock time during the measurement. It can be shown from
the fonnlae that Ki = K2 = 1 for long-lived radionuclides.
K3 = correction factor for a self-attenuation in the measured sample compared
with the calibration sample:
^ 3  -  (6.4)/JX  ^
where x = height of the measured sample
^  = the photon linear attenuation coefficient for the y-ray energy of interest.
IC4  = coiTection factor for pulses loss due to random summing:
= exp(-2i?îr) (6.5)
where t = the resolution time of the measui'ement system
R = the mean count rate. For low count rates this coiTection factor could be 
taken as equal to 1.
6.2.3 Attenuation coefficient
Equation 6.1 which was used to calculate the specific activities of the 
radionuclides in the samples needs the correction for self-attenuation (K 3). Hence, 
the attenuation coefficient for each food was measured and reported in Table 6.1.
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A point source of with an activity of (277.5 kBq) was placed on top of 
an empty polyethylene 500 ml bottle on the detector and counted for 300s. The same 
procedure was repeated when the bottle was filled with 50ml, 100ml, 150ml, 200ml, 
250ml, 300ml, 350 ml and 400 ml of the maize and rice samples (keeping the mass 
for each 50 ml of foods constant). The lineai* attenuation coefficient (p,) values for 
both maize and rice samples at the five most intensive peaks of the Eu soiurce 
were calculated:
^1 _   ^
I .
I n ^  -  “  ^2)
Therefore,
where T = counts of sample with volume Vi 
I2 = counts of samples with volume V2 
hi = height of samples of volume Vi 
h2 =: height of sample of volume V2
Table 6.1 shows the attenuation coefficient (p) values for both rice and maize 
flour samples at different energies. The p values for both types of food were similar, 
hence the rice attenuation coefficient values were used to plot a gi*aph of energies 
versus p to calculate the linear attenuation coefficient values for the radionuclides in 
the samples.
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Table 6.1: Rice and maize linear attenuation coefficient values (m ') at different energies
Energy
M rice
± 1x 10"^
M maize
± 1x 10"^
121.78 0.003 0.003
344.27 0.002 0.002
964 0.001 0.001
1112.05 0.001 0.001
1407.92 0.001 0.001
Fig 6.3 shows a plot of linear attenuation coefficienct of rice/maize flour 
against energy. The linear attenuation coefficient decreased with energy since y-rays 
with high energy can penetrate the samples more than y-rays with low energies. The 
fitting equation in fig 6 .2  was used to calculate the linear attenuation coefficient of 
radionuclides in the samples which were used to calculate the self attenuation 
correction factor K3 using equation 6.4.
0.0035 1
y = 0.0221 
= 0.9790.003 -
0.0025 -o
0.002  -
«  E 0.0015-
0.001  -
0.0005 -
200 400 600 800
Energy (keV)
Fig. 6.3: The linear attenuation coefficient of rice as a function of energy.
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6.3 Results and Discussion
6.3.1 Minimum detection Limit (MDL)
The minimum detection limits (in counts) using the spectra obtained fi'om an empty 
container counted for 24 hours were calculated using equation 3.4:
MDL = 2-Vb
The specific minimum detection activity (MDA) was calculated using equation 6.8:
MDL
PySTm (6.8)
Table 6.2 shows the MDA values o f the radionuclides detected in the samples. 
The values were slightly lower for rice than for maize floui' with the lowest MDA 
values for ^^^Ra and
Table 6.2: Minimum Detection Activity (Bq/kg) of radionuclides calculated from a 
spectrum of a background collected for 24 hours.
Radioactive 
Decay Series Radionuclide
Energy
(keV) Rice Maize
228U
234Th 9238 0.87 1.17
2 2 ^ 186.21 0.11 0.14
214pb 351.92 0.24 0.32
2^%i 609.31 033 0.39
232xh 228Th 583.15 0.33 0.40
22»AC 911.07 0.78 0.93
40k 1460.75 236 3.44
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6.3.2 Accuracy and precision of the system
A standard source was counted for 3600 s and its activity for different 
energies were calculated and compared with the certified value. The source was 
certified to have activity of 416 kBq at December 1988 from which the activity 
value on the counting date was calculated after correction for the decay of the source. 
Fig 6.4 shows the ratio of the experimental/certified activity for a range of energies 
from 121.78 keV -  1407 keV of the standard source. This range covered the 
energies of the radionuclides of interest in this work. As fig 6.4 shows the accuracy 
was within 10% of the certified activity.
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Fig 6.4: The ratio of experimental to certified value of activity of a standard source
against photo-peak energy
6.3.3 Rice samples
The specific activity levels of radionuclides detected in rice samples are 
tabulated in Tables 6.4. Radionuclides from Th decaying series and K,
which are the majority of radionuclides in the environment due to their long half- 
lives, were detected in the samples. Other radionuclides if present were below the 
MDA of the system used in this work. Since samples were stored for more than 21
days equilibrium was attained between and '^ '^^ Th with their daughters. The y-ray232.
line 92.38 keV from ^^ ^^ Th was used to estimate the specific activity of The238t
photopeak energies 351.92 keV of ^''‘pb and 911.07 keV of'^'^“Ac were used to228
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estimate the concentrations of and ^^^Th respectively whilst y-ray line 1460.75 
keV was used for specific activity of
Table 6.3 shows the mean specific activities of and
detected in samples collected in the three regions of Tanzania. When the activity of a 
radionuclide was below MDA a value of half its MDA was used in the calculations 
of mean. was detected in all samples with approximately constant concentrations. 
Radionuclide 2^^Th was detected in 52% of the samples whilst 228%j and 22^Ra were 
detected in 40% each of the rice samples. The samples from Morogoro had less 
number of radionuclides with concentrations above MDA than samples from Mbeya 
and Dar es Salaam however, the number of samples from this region was half that 
from the other two regions. The samples fr'om Morogoro had the highest mean 
concentration of than samples from Dar es Salaam and Morogoro.
Table 6.3: The specific activities (Bq/kg ± SEM dry vreight) of the radionuclides in rice 
samples
Radionuclide Mbeya (n = 10)
Morogoro 
(n = 5)
Dar es Salaam 
(n = 10)
238^ 0.9±0.2 MDA 1.14=0.3
2 2 ^ 0.7±0.2 MDA 0.264=0.07
232Th 0.6±0.1 2.74=0.6 1.44=0.2
40k 21±2 214=4 194=1
6.3.4 Samples of maize flour
Table 6.4 presents the activity concentrations of the four radionuclides 
detected in maize flour fr om Mbeya and Dar es Salaam. was detected in all 30 
samples whereas 22^Th, 2^^Ra and 228%j were detected in 20%, 53% and 27%,
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respectively of the sample. The concentrations of radionuclides found in the samples 
were similar in both regions.
Table 6.4: The specific activities (Bq/kg ± SEM dry vreight) of radionuclides in samples 
of maize flour
Radionuclide Mbeya (n = 14)
Dar es Salamn 
(n -  16)
238u 1.7±0.5 1.24=0.3
2^Ra 3.04=0.7 2.74=0.9
232xh 1.44=0.5 1.24=0.2
40k 284=2 274=1
6.3.5 Discussion
The overall mean specific activity (Bq/kg ±SEM dry weight) and the range 
(shown in the brackets) of radionuclides detected in the maize flour and rice are 
shown in Table 6.5.
Table 6.5: The overall mean specific activity of radionuclides (Bq/kg ± SEM dry 
weight) detected in maize flour and rice samples
Radionuclide Maize Flour (n = 30)
Rice 
(n = 25)
238u 1.34=0.4 
(<1.17-10)
0.94=0.1
(<0.87-3)
“ '^Ra 2.64:0.5(<0.32-13)
0.334=0.09
(<0.24-2)
222j.^ 1.24=0.2
(<0.93-4)
1.34=0.2
(<0.78-3)
40r 274=5
(18-38)
204=1
(12-29)
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As expected, was found in all analysed samples and in higher 
concentrations than the other radionuclides in the samples. This is because is 
present in soils, rocks and various organic matters and its concentration in soil is an 
order of magnitude higher than that of and ^^^Th, hence higher concentrations of 
this radionuclide were expected 2**. The mean specific activity of in rice was 
within the range reported in rice fiom HongKong However, this value was 70% 
lower than the value reported in rice finm Nigeria
The mean specific activities of 228%j and 2^^Ra found in rice samples analysed 
in this work were higher than the values reported in rice fi-om Hong Kong 2°° and 
Taiwan lower than the values reported in Nigerian rice fh e  mean
activities of all radionuclides detected in rice in this work were lower than the mean 
values reported in rice from Nigeria. The radioactivity in rice from Nigeria was 
associated with the extensive use of phosphate fertilizer during fanning . Reports 
on radioactivity in food stuffs in Nigeria from two researches 15 years apart shows 
the increase in radioactivity in the food which the authors associated with the 
increase in the use of phosphate fertilizers 203  ^Rice in Tanzania is cultivated with 
minimal applications of fertilizers.
The mean specific activity o f found in maize flour fiom Tanzania was 
lower than the value reported in white corn from Nigeria whilst 22^xh was in the 
same range and the concentration of was lower. However, the lower 
concentrations in white maize floin analysed in this thesis compared to the white 
com from Nigeria might also be due to the loss of some radionuclides in milling.
The radionuclides found in samples of both foods collected in the Mbeya 
region were statistically compared. The maize flour' collected in Mbeya had 
significantly (p < 0.05) higher concentrations of all radionuclides found in the 
samples than rice collected fiom the same region. The radionuclides in maize flour in 
Mbeya were higher than in rice cultivated in the same region by a factor of 1.3, 2, 4 
and 5 for 228]j, and 2^^Ra, respectively. Fig. 6.5 shows the box plots of 
elements found in samples of rice and maize flour collected in the Mbeya region. As
167
the plot shows the specific activities for was much higher in maize flour than 
rice.
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Fig 6.5: The box plot of specific activity of radionuclides found in maize flour and rice
from Mbeya.
The radioactivity in foods depends on the activities in soil, the means of 
agriculture (such as the use of fertilizer) and the uptake of radionuclides by the plant 
which is a dependant of the plant species Since the samples of both foods were 
grown in the same region, the differences in specific activities between the two foods 
were not influenced by the radioactivity in the soil.
There is always variation in the accumulation of radionuclides among 
different species that grow under the same conditions Higher concentrations of 
radionuclides in maize than in rice have been reported in literature Hence, the
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differences in radioactivities in the two foods found in this work could have been 
influenced by the differences in uptake of radioactivity between maize and rice.
Maize in the Mbeya region is normally gi'own in highlands in contrast to rice 
which is cultivated in low land wetlands. The soils of the southern region of 
Tanzania (Mbeya, Rukwa) are generally acidic and deficient in P 2*3. Hence, the 
cultivation of maize in these areas necessitates the use of phosphate fertilizer. For 
that reason, higher concentrations of radionuclides in maize than rice might also be 
associated with the use of phosphate fertilizer during maize cultivation. The 
influence of phosphate fertilizer in maize is also reflected by the highest percentage 
differences in 2^^Ra shown in the two foods. Phosphate fertilizers are reported to 
have liigh concentrations of 22^Ra 7^,297.305,306
6.4 Dose calculations
The radionuclides when ingested from foods enter the blood sti'eam via the 
absorption at the gastiointestinal tract. On reaching blood, the distribution to and 
retention in body tissues will depend on the chemical nature of the element. If a 
radionuclide that enters blood is an isotope of an essential element then it will behave 
like the stable isotope. If it has similai* chemical properties to an essential element 
then it will tend to follow the metabolic pathways of that element although its rate of 
movement between the vaiious tissues in the body may be different (228(j and 2^^Ra 
behave similarly to Ca which are deposited in the skeletal tissues).
International Commission of Radiological Protection (ICRP) has developed bio- 
kinetic models which describe the behaviour of radionuclides as well as the 
distribution of cumulative activity within the body. These models, which are age- 
dependant, provide relevant conversion factors which could be used to calculate 
effective doses firam the total activities of radionuclides measured in the foods. The 
ICRP has categorised a number of age gi'oups as shown in Table 6.6. The models 
proposed by ICRP are either for respiratory tract due to inlialation or for 
gastrointestinal tract model due to ingestion as well as for systematic bio-kinetic 
behaviour of radionuclides that aie imported in the enviromnent. This work adopted 
the gastrointestinal model of age group 10 representative of >7-12 year age group.
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Table 6.6: The number of age groups as categorised in ICRP models 307
Age group Range of years
Infants 3 month 0 - 11 year 1 -2
Children
5 years > 2 -7
10 years > 7 -1 2
15 yeai's >12-17
Adults Adults >17
A number of quantities aie used in the estimations of radiation doses. These 
are the absorbed dose, equivalent dose and effective dose. Absorbed radiation dose is 
a measure of the energy imparted by ionising radiation to a unit mass of an absorbing 
medium. The absorbed dose D is the quotient of dE by dm, where dE is the mean 
energy imparted by ionising radiation to matter of mass dm, thus
D = dEdm (6 9)
The unit of absorbed dose is gi'ay (Gy).
The relationship of absorbed dose to the risk of biological effect is the 
equivalent dose Hy, which is described by the weighted dose quantities 
recommended by ICRP. The equivalent dose in a tissue or organ is proportional to 
the total dose delivered by the radionuclides inside the organ and is given by;
(6 .10)
Wliere Dt, r =  mean absorbed dose in the tissue or organ T, due to radiation R 
wr = con esponding radiation weighting factor.
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The unit for equivalent dose is sievert (Sv).
The effective dose E  is the sirni of weighted equivalent doses in all the tissues 
and organs of the body. This is given by:
E = ^ W j H j  (6.11)
T
where wt = conesponding tissue weighting factor.
The ICRP has proposed values of wt to assess health detriments arising from 
radiation of various organs. The unit for effective dose is Sv.
Committed dose quantities aie used when prolonged exposure to a single 
individual from a single intake of a radionuclide is being considered. The committed 
equivalent dose Ht (t) is defined as the time integi'al of the equivalent dose rate, 
where x is the integration time in years.
Ffy.(T) = (6.12)
t
The value of x is taken to be 50 years for adults and from time of intalce to age 70 for 
children. The time distributions of the absorbed dose rates vary with the 
radionuclides, their form, mode of intake and bio-kinetic behaviour.
The committed effective dose, E(x), is defined as the siun of the committed 
equivalent doses to tissues and organs multiplied by the coiTesponding tissue 
weighting factor.
(6.13)
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ICRP calculated also the values for committed effective dose per intake 
which could be used as a dose convection factor (given in Sv/Bq) to calculate the 
effective dose of the radionuclides in the foods or air.
Committed effective dose = committed effective dose per unit intake x
radionuclide concentiation in foods x food (6.14) 
consumption rate
The committed effective doses per imit intake of the radionuclides detected in this 
work aie shown in Table 6.7. These values have been recommended by ICRP (1996).
Table 6.7: Committed effective doses per unit intake by ingestion of natural 
radioanuclides. The values are for children of age 7-12 years
Radionuclide Fractionalabsorption
Effective dose 
(mSv/Bq)
238y
0.02 6.8 xlO^
0.2 80x10’^
232xh
0.0005 30x10’^
40r
1 1.3x10'^
According to the statistics given by FAO (2005), rice and maize consumption 
rates in Tanzania are 20 kg capita'^ year'^ and 75.5 kg capita'^ year'^ respectively 
However, these values ai e the average of all population irrespective of their age. The 
boarding school in Moshi (sampled in Chapter 5) provided a weekly food 
consumption table (Appendix 3) from which the rice and maize annual consumption 
rate for children were calculated. The values obtained from this table were found to 
be 83 kg capita'^ year'' and 62 kg capita"' year"' for rice and maize, respectively. The 
estimation for the consumption rates for both foods provided by the school was
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different from that provided by FAO (the value for rice was 4 times higher and that 
for maize was 1.2 times lower). In this estimation rice is consumed more than maize, 
which is not as what have been reported in literatiue for children from low-income 
population
Using the coimnitted effective dose per intake provided by ICRP (1996) and 
the radioactivity found in the food samples, the committed effective doses were 
calculated using the two estimates of food consumption rates and presented in Tables 
6.8 and 6.9, The total dose rate values were similar for both estimations. The reason 
for this could be due to the fact that rice that showed the liighest differences in the 
two estimates had low radioactivity. Rice contiibuted to 30% of the total dose in the 
estimate provided by the school and 6% in the estimate provided by FAO. The 
discussion on this thesis will adopt the committed doses calculated using infomiation 
fr om the boai'ding school as this is based on the consumption rates for children of the 
same age as those in the ICRP model used in this work.
"'''K is an essential biological element distributed tliroughout the body and its 
concentration in human tissue is under metabolic (homeostatic) control. Thus the 
levels in humans are not normally affected by variations in the environmental levels 
and as a result its radiation dose within the body remain constant Therefore
the total committed effective doses were calculated from the other thi*ee 
radionuclides found in the foods.
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Table 6 .8 : The committed effective doses for radionuclides (mSv per capita per year) 
found in the rice and maize samples from Tanzania calculated using the consumption 
rate provided by the boarding school.
Radionuclide Rice ( X 1 0 ^ )
Maize 
(X  1 0 ^ ) Total (X  1 0 ^ )
238u 0.50±0.06 0.5+0.1 1 .0 ± 0 .1
2.0+0.07 12.3±2 1 4 .5 ± 2
3.2±0.5 2.2±0.6 5 .4 1 0 .8
Total 6 .4 ± 0 .5 1 5 + 2 2 1 + 2
Table 6.9: The committed effective doses for radionuclides (mSv per capita per year) 
found in the rice and maize samples from Tanzania calculated using the consumption 
rate provided FAO.
Radionuclide Rice 
(X lori)
Maize 
(X 1 0 ^ ) Total (X 1 0 '^ )
238u 0.12±0.02 0.64+0.09 1 .4 1 0 .1
0.53+0.05 14.9±2 1 5 .0 2 1 2
zszyh 0.79+0.07 2.7+0.7 3 .5 1 0 .7
Total 1 .3 4  ± 0 .0 9 1 8 .4 1 2 2 0 1 2
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About 71% of the total effective dose to children due to consumption of the 
two staple foods was from maize. ^^^Ra, which is a daughter of contributes to 
about 69% of the total effective dose followed by ^^^Th (26%) and lastly (5%). 
Fig 6.6 shows the percentage contributions to the total dose of the three radionuclides 
per type of food. As the figure shows, was contributed equally by both foods, 
^^^Th was contributed more by rice (1.4 times) and ^^^Ra was contributed 
significantly more (6 times) by maize than rice.
The total affective dose calculated in this work might be slightly 
overestimated as the food consumption rates were given in fresh food while the 
specific activity was calculated in dry weights. However, the total value of 0.204=0.02 
mSv/year obtained in this study is much lower than the annual dose guideline of 
1 mSv recommended by the ICRP for the general public from naturally occurring 
radionuclides.
«JC
II
□  Rice 
■  Maize
U-238 Ra-226 Th-232
Radionuclide
Figure 6.6: The percentage contribution of and ^^ T^h to the total dose per
type of food.
6.5 Conclusion
Radioactivity measurements were carried out in samples of rice and maize 
flour from Tanzania using low-level gamma spectrometry at the Department of 
Physics, University o f Surrey. The specific activities of ^^*U, ^^^Ra, ^^^Th and "'''K 
were calculated and discussed. The concentrations of these radionuclides were lower
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than the values reported in rice form Nigeria but higher than values reported in Hong 
Kong and Taiwan.
The specific activities of the radionuclides were found to be liigher in maize 
flour than rice cultivated in the same region. The difference in mean concentration of 
^^^Ra between the two foods was too high to be justified by only the different uptakes 
of the radionuclide in the foods. Since ^^^Ra has been reported to be high in 
phosphate fertilizers, high concentiations of this radionuclide in maize flour was 
associated, as well, with the use of fertilizer.
The calculated total committed effective dose (0.2 ±0.02mSv year"') due to 
the consumption of rice and maize to children of age >7 -12 years in Tanzania is less 
than the annual dose guideline of 1 mSv recommended by ICRP. Maize contributed 
to 71% of the total dose with ^^^Ra associated with the use of phosphate fertilizer 
contributing to 69%.
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CHAPTER SEVEN 
7.0 Conclusion and suggestions for future work
PIXE, RBS and INAA analyses have been used to analyse biological samples 
from Tanzania (staple foods and hair) for essential and toxic elements in order to 
monitor the nutritional status o f children. Different methods of analysis such as 
comparative method for PDCE and Kq and comparative method for INAA were 
applied in calculating the concenti ations of elements in the samples.
The accuracy of absolute and compaiative methods for PDCE and absolute, Kq 
and comparative methods for ESTAA were compared using standard reference 
materials. For PDCE analysis the absolute method of GUPDC of Dan32 was found not 
to be accurate, hence, an approach of using a correction factor to normalise the 
experimental values was initiated. In this approach plots of experimental values 
against certified values for different certified reference materials were produced. The 
plots were sti'aight lines with similar giadients (4% standard deviation) suggesting a 
systematic error. The average of the gradients (0.70±0.04) from 3 reference 
materials, NIST Peach Leaves (SRM 1547), Polish certified reference material 
Oriental Tobacco Leaves (CTA-OTL-1) and IAEA reference material Animal Blood 
(IAEA-A-13) was used to normalise the experimental data. Most of the coirected 
experimental values fiom the three reference materials improved to an accui'acy of 
15% for peach leaves, 18% for the animal blood and 20% for tobacco leaves. The 
comparative method of PDCE was found superior in terms o f accuracy than the 
absolute method even after the experimental data were normalised by the correcting 
factor. Hence, the comparative method was used in the PDCE analysis. The accuracy 
for comparative method in PDCE was 12% for Peach and Tobacco Leaves. On the 
other hand, the accur acy in INAA was 10% for comparative method, 17% for Kq and 
22% for absolute method using peach leaves as standard reference material.
Short inadiation INAA was applied to food samples while long and short 
irTadiation were used to analyse hair samples. Fifteen elements were determined in 
food samples using a combination of PDCE and INAA while 34 elements were 
determined in hair samples by short and long irradiation INAA. The PIXE analysis
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was carried out at the University of Surrey Ion Beam Centre while the INAA was 
earned out at the Reactor Centr es in hnperial College, the UK and the Institute of 
Nuclear Physics in Rez, Czech Republic, PIXE analysis had higher MDL for all 
elements except for Cu, which was similar* in both techniques.
The mean concentrations of elements found in both staple foods for children 
in Tanzania were in the same range as the mean values reported in literature. 
However, the concentrations of P in both foods were high indicating low 
bioavailability of essential elements especially Fe and Zn.
As has been mentioned earlier, tliree methods could be used for nutr*ition 
inter*vention. However, Fe supplementation to childreir living in malarious countires 
such as Tanzania does not produce healthy end results. WHO (2004) following 
several reports on the adverse effects of Fe supplementation, suggested a less use of 
Fe supplemeirtation in malarious countries unless the acute problems related to 
infectious diseases in a body are treated.
Food fortification can also be used to improve nutrients in foods. However, 
this process can raise the price of the product. Fortification of maize flour in 
Tanzania should be given a priority over the fortification of rice because fortification 
of maize is cheaper than fortifying rice and meals fiom the maize flour are the main 
diets of the low-income population
Education progiammes of food and nuti'ition is the third way of promoting 
nuti'itional awareness in a population. This method could be effective in any society 
because malnutrition is not always a result of not having enough food sometimes it is 
just on how to turn the foods into nutrious meals. There ai*e several simple methods, 
which have been reviewed in this thesis that could be used even in local rural 
households to reduce the concentrations of phytic acid in a meal. These methods 
involve soaking, fermenting and germinating maize and maize flour before cooking. 
Since none of these methods is commonly practiced in Tanzania, the intioduction of 
the methods to the local populations has to be a priority of the country.
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This research went further on identifying vaiieties of the staple foods wiüi high 
concentration of the nutrients and low phytic acid. In this method, the concentrations 
of P, wliich were taken as an indicator of phytic acid in the foods, were correlated 
with Fe and Zn. Scatter diagrams showing less coixelation of P with the two elements 
were evaluated fuither. In this study, the conelation of P with Fe and Zn 
demonstrated more correlation of P with Zn than with Fe in both foods. The 
correlation of P with these elements was also higher in maize flour than rice. Using 
the scatter diagrams, the study identified more available Fe in rice from Mbeya than 
Morogoro. Further analysis on the soil and the species grown in Mbeya is 
recommended. This study should also be the begimiing of researches in Tanzania 
which will evaluate the grain contents of nutrients in relation to the phytic acid 
contents so as to select varieties of the staple foods with more bioavailable elements.
This present work dealt with unwashed rice samples. Since there is no 
standai'd washing procedures for rice, it was realised that washing the rice samples 
would result into data which could not be compared with the published data 
accurately. The data from this work were compared with reports for unwashed rice. 
However, unwashed samples might also introduce concentration of elements from 
contamination resulting from surface deposits. Hence, five samples of rice were 
washed with double distilled de-ionised water and then analysed by short irradiation 
INAA. The concentrations of elements fi'om samples which were washed and 
unwashed were compared. The results showed that the concenti ations of most of the 
elements were reduced when washed. The percentage loss for some elements was too 
high, which might imply that the elements were also leached when washed. Out of 
the elements compai*ed in this work (Na, Mg, Al, Cl, K, Ca, V, Mn, Cu and Br), Mg 
and Al were reduced the most (81% and 97% loss, respectively,) whilst Cl and Cu 
were reduced the least. The number of samples involved in this part of work was not 
big enough to make any statistical conclusion. Hence, further analysis is required to 
find out exactly how much of these elements are lost in washing and then taken up 
again in cooking especially because washing rice before cooking is a common 
practice in Tanzania.
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Cl was found in significant higher concentrations in samples collected from 
Dar es Salaam than samples collected from other regions. The concentrations of Cl in 
the samples might be associated with the pesticides used in fanning and storing of 
the foods. In literatui'e residues of organochloride pesticide (some of which
such as DDT are carcinogenic) in foods in Tanzania have been reported. Higher 
concentiations of Cl in samples from Dar es Salaam than samples from other regions 
might be due to extra pesticides used in storage of the foods before selling.
Vanadium, which is a toxic element, was found in low concentrations of 17% 
of the total rice samples and 12% of the maize flour samples analysed by INAA. The 
exact source of this element in the food samples could not be determined in this 
thesis. However, the concentrations of V were all determined in samples purchased 
in Dar es Salaam, which probably indicate its association with friel during 
transportation.
Cd in foods could not be determined in this work as the analysis of the metal 
in INAA needed long iiradiation procedmes and the MDL of Cd analysed by PIXE 
set up in this study was too high. Cd in foods is associated with the application of 
manuie and phosphate fertilizers, which are also used extensively in the cultivation 
of maize in Tanzania. Although the absorbtion of Cd in the gastrointestinal tract is 
low (2% to 6%), its biological half-life is long thus its accumulation in a body might 
pose a problem The analysis of this carcinogenic element in the staple foods in 
Tanzania should also be given priority.
The analysis of hair was caiiied out in samples fr om children living in two 
regions of the Tanzania Mainland (Moshi and Dar es Salaam) and Zanzibar Island. 
These were analysed by short and long irradiation INAA at the Institute of Nuclear 
Physics, Rez Czech Republic. Ag, Al, As, Au, Ba, Br, Ca, Cd, Ce, Cl, Co, Cr, Cu, 
Dy, Ell, Fe, Hf, I, K, La, Mg, Mn, Na, S, Sb, Sc, Se, Sm, Sr, Ta, Th, U, V, Zn were 
reported.
The differences of elemental mean concentrations between the thi*ee regions 
showed variations in geogiaphical locations, environmental pollution and the diet
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consumption habits of the children within a region. Samples from a boarding school 
in Moshi district of Kulimanjai'o region showed higher concentrations of rare earth 
metals, Al and Fe than the other two regions which could be related to the type of 
soil within the region.
However, higher concentrations of Al in the samples from Moshi have to be 
researched frirtlier. This element was found in extremely higher values in this region 
than in the other two regions. Mean concentration of Al in the boarding school was 
higher than Al in samples from Dar es Salaam and Zanzibar by factors of 7 and 12, 
respectively. The mean Al value from this region (639pg/g) was also considerably 
higher than the hair Al reported in children of the same age in Kazakhstan, Italy and 
Hong Kong .^ 75-277^  Contamination of the samples form Moshi with Al diuing analysis 
could be ruled out as these samples were analysed randomly together with samples 
from the other two regions. Since Al in the body is toxic fruther analysis using 
other biomarkers such as blood and mine of children in this school should be 
extended to find wether the same high concentrations of Al are in the body.
Dispite the school/oiphanage being located outside the Moshi town, the 
samples fr om this school had significantly higher concentrations of V and Cr than the 
samples collected in the Dar es Salaam city. However, higher concentrations of these 
elements were associated with industries located near the school.
The mean concentration of Zn in samples fr om Zanzibar was found to be in 
the same range as the hair Zn value reported in healthy children of the same age in 
Italy and Hong Kong (150pg/g) whilst the samples from Dar es Salaam and
Moshi had lower concentrations, hi literatmu low hair zinc in population was 
associated with malnutiition, poverty and/or cultmal habits of the people In this 
study, 44% and 40% of the samples fr om the boarding school and Dar es Salaam, 
respectively, had Zn hair concentrations of < lOOpg/g in contrast to 4% of the 
samples from Zanzibar. Zn hair concentration of <100 pg/g has been reported to be 
found in malnourished childi en The differences in mean concentrations of Zn
between the thi*ee regions demonstrate the vaiiation in food consumption habits.
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Higher concenti*ations of Zn in samples from Zanzibar might be due to the behaviour 
of this population to have fish in their diets on régulai* basis.
Intra gioup statistical compai*ison was made to find variation of elemental 
concentration in hair influenced by urban/rural way of life. Children living in town 
(Zanzibar town) had significantly (p < 0.05) higher concentration of Cu as well as 
higher concentrations of Zn and Fe although not significantly different than children 
living in a village (Nungwi village). The concentrations of Co were also significantly 
higher in children living in town than children living in the village indicating more 
exposure to environmental pollution in town than village.
Results fr om 16 hair samples fi*om children of educated parents and 22 hair 
samples fi*om children of uneducated parents were statistically compared. Zn in hair 
from both gioups were similar (-105 pg/g) whilst Fe and Cu were slightly (15% and 
27%, respectively) higher in childi*en from educated parents than cliildren of the 
other group. The mean concentiations for Zn and Cu in both groups were lower than 
the mean concenti ations of these elements in childi en of the same age group reported 
in Kazakhstan, Hong Kong and Italy ^i^Eough the number of samples was not 
big enough to come to a definite conclusion, the education of the parents o f children 
in Dai* es Salaam did not have much influence on the elemental concentrations in hair 
of the children. Since the concentration of hair Zn is associated with nutiition, 
poverty and/or cultural habits of the people, education on nutiition awareness and 
diet plamiing is needed for all socio groups in Tanzania especially as the high- 
income group could afford to have balanced diet.
The mean hair concentrations o f most of the elements in this study were 
comparable to the published elemental levels of healthy children o f the same age 
group from Kazakhstan, Kenya, Italy and Hong Kong. However, the concentiations 
of Zn and Cu in most of the samples analysed in this work were lower than those 
reported in the literatures reviewed in this work Hence, Zn and Cu
deficiency might be a problem in most of Tanzanian children. The hair data fr*om this 
thesis could be considered as preliminary results that could invite frirther research 
using other body tissues to confirm the extreme higli and low values of elements in
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the body. This work suggests further work using other bio-mai*kers for Al in children 
from Moshi and Zn and Cu in children from the Tanzania mainland.
Variation of elemental concenti ations in relation to genders revealed that girls 
had higher concentrations o f majority o f the elements than boys. A Maim-Whitney 
test showed significantly (p < 0.01) liigher concentrations of Mg, Al, Ca, V, Mn, Cu, 
I, Sm, Co and Ce in hair of female children than male whilst Cl, Br and Au were 
significantly (p < 0.01) higher in hair of male than female. The levels of toxic 
elements As and Cd were similar in both sexes. The conelation of elements in hair 
with age indicates a weak negative correlation between Cu and I with age (r = -0.22, 
p < 0.01 for I and r = -0.18, p < 0.05 for Cu). Zn was found to increase with age but 
the rise was not statistically significant.
Radioactivity measurements of maize flour and rice cultivated in Tanzania 
reports the specific activities of ^^^Ra and ^^^Th. The concentrations of these 
radionuclides were in the same range as the values in foods fr*om uncontaminated 
soils reported in literature The specific activities of the radionuclides were
found to be higher in maize flour than rice cultivated in the same region. The 
radionuclides in maize flour in the Mbeya region werel .3 times, 2 times, 4 times and 
5 times for ^^^Th and ^^^Ra, respectively, higher than in rice cultivated in
the same region. The difference in mean concentration of ^^^Ra between the two 
foods was the highest. Since ^^^Ra has been reported to be high in phosphate 
fertilizers, high concentrations of this radionuclide in maize flour were associated 
with the use of fertilizer.
The calculated total committed effective dose (0.2 ±0.02mSv year"') due to 
the consumption of rice and maize to childi*en of age >7 -12 years in Tanzania is less 
than the annual dose guideline of 1 mSv recommended by ICRP. Maize contributed 
to71% of the total dose with ^^^Ra associated with the use of phosphate fertilizer 
contiibuting to 69%.
Since phosphate fertilizers are also commonly used in farming of other products 
especially vegetables and beans, measuiements of radioactivity in other foodstuffs 
and drinking water are also recommended. It has been reported in literatuie that
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food processing can greatly reduce the radioactivity of final edible products. 
Therefore, for a better estimation of how much radioactivity is ingested by the 
childien, reseaich should include prepared meals.
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APPENDIX 1
Map 1: Map of Tanzania showing its neighbours and sampling stations. The 
sample stations were for foods and hair samples.
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Fig I: The PIXE sp e c tru m  of rice  sa m p le  irrad ia ted  for 10 m in u tes  by a 2.5 MeV 
beam  of p ro ton .
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Fig II: The PIXE sp e c tru m  o f sa m p le  o f m aize flour irrad ia ted  fo r 10 m in u tes  by 
a 2.5 MeV beam  of p ro ton .
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Fig III: The graph of the experimental concentration against the certified 
concentrations for the whole blood reference material (IAEA-A-13) in order to 
determine the correction factor of the sample elemental concentrations.
y = 0.7743X - 255.5 
= 0.998820000
Q. 16000Q.
12000
8000
4000
10000
Experimental concetrations (ppm)
15000 20000 25000 300005000
Fig IV: The graph of the experimental concentration against the certified 
concentrations for Tobacco Leaves (CTA-OTL-1) in order to determine the correction 
factor of the sample elemental concentrations.
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Table I: The MDL for elements in rice and maize flour determined by Ko and
Comparative method of INAA.
Elements Energy
Ko Comparative Method
Rice Maize Flour Rice Maize Fiour
Na 2754 5 6 2 2
Mg 1014 46 29 54 31
AI 1178.97 0.1 0.1 2 2
Cl 2167.41 15 5 3 2
K 1524.7 338 395 134 155
Ca 3084.4 42 42 24 27
V 1434.07 0.01 0.01 0.04 0.05
Mn 846.77 0.1 0.5 0.2 0.2
Cu 1039.23 1 1 3 2
Br 616.6 0.3 0.2 2 0.3
1 442.9 0.8 0.8 0.1 0.1
T able  II: W eekly fo o d  c o n su m p tio n  ta b le  fo r th e  ch ild ren  in th e  b o ard in g  
s c h o o l in M oshi.
Day Lunch Dinner
Monday Rice/Beans Maize/Beans
Tuesday Maize/Green vegetables Rice/Meat
Wednesday Maize/Beans Rice/Beans
Thursday Rice/Meat Maize/Beans
Friday Maize/Green vegetables Rice/Beans
Saturday Rice/Meat Rice/Beans
Sunday Maize/Beans Rice/Beans
209
T able  111: D erivation o f fo o d  p e r  c a p ita  c o n su m e d  by a s in g le  ch ild ren  in th e  
bo ard in g  sc h o o l in M oshi
Food Mass cooked (kg meal*)
Number of children 
consuming the 
cooked food
Mass of food consumed by 
a single child 
(kg meal * capita"*)
Rice 1 5 0.2
Maize 1 5 0.2
Beef 1 10 0.1
Beans 1 10 0.1
The food consumption rate was calculated using information from Table 
II and III:
Mass o f  food  
(kg capita'^ y e a f f
mass (kg meal'^ capita'^) x  number o f  meals in a 
week X number o f  weeks in a year
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Table IV; The concentration of elements in ^g/g showing arithmetic mean (A.M ±SEM) 
and geometric mean (G.M x/-^SD) found in the hair of children in the three regions of 
Tanzania.
Dar es Salaam 
(n = 50)
Moshi District 
(n = 45)
Zanzibar 
(n = 46)
Element A.M G.M A.M G.M A.M G.M
Na 25±3 18X/+25 42+6 32x443 1662 11x416
Mg 146±20 92X/+144 110+16 66x4104 166624 123x4161
AI 86±9 72X/+61 639+71 497x4478 5565 46x437
S% 4.760.04 4.6X/-0.2 4.6±0.05 4.5x40.3 4.660.04 5x40.2
Cl 11586110 821X/6780 13691148 985x4994 9726102 711x4690
K 3864 27X/4-30 77+7 59x447 1762 12x414
Ca 587661 491X/-430 405146 259x4310 939699 580x4671
V 0.260.02 0.2X/+0.1 0.810.1 1x40.7 0.160.03 0.1x40.2
Mn 661 5X/-5 1412 10x412 360.3 2x42
Cu 1061 9x47 1011 9x44 1161 10x46
Zn 127612 112x485 10517 98x445 15468 146x454
Br 661 4x43 410.4 4x43 961 7x46
Sr 1763“ 12x411 2011® 5x46 1361^ 12x47
I 461 2x44 0.910.1 1x40.8 0.760.1 0.5x40.5
As 0.260.02 0.1x40.1 0.0910.01 0.1x40.05 0.360.01 0.3x40.2
Sb 0.460.05 0.2x40.4 0.2310.04 0.1x40.3 0.0660.01 0.03x40.05
Au 0.160.03 0.04x40.2 0.0410.01 0.01x40.09 0.0260.004 0.01x40.02
Sc 0.01260.001 0.2x40.01 0.0810.08 0.01x40.06 0.0160.001 0.01x40.01
Cr 0.460.05 0.3x40.3 0.8+0.1 0.6x40.7 0.460.1 0.3x40.4
Fe 6065 48x439 381146 284x4311 4163 36x423
Co 0.160.03 0.1x40.2 0.210.02 0.1x40.1 0.0460.01 0.03x40.05
Se 0.760.2 0.5x41 0.610.01 0.5x40.1 0.660.02 0.6x40.1
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Table V: The mean concentration of elements (iig/g ±SEM) found in the hair of
children from educated and un educated parents.
Element Uneducated (n =22)
Educated 
(n = 12)
Na 31 ±6 16±3
Mg 113±26 74±13
AI 72±14 103+14
S% 4.7±0.6 4.6±0.8
Cl 1274±192 1305±142
K 31±5 45±6
Ca 490±49 447±36
V 0.17+0.03 0.18+0.02
Mn 8±1 5±1
Cu 8±1 11±2
Zn 107±5 104+9
Br 6±1 6±1
Sr 6±1 15±4
1 7+1 4±1
As 0.17±0.02 0.22±0.06
Cd 0.4±0.2 1.9±0.6
Sb 0.4+0.1 0.30±0.06
La 0.3+0.1 0.13±0.03
Sm 0.014±0.02 0.022±0.004
Sc 0.010±0.002 0.015±0.002
Cr 0.33±0.05 0.40±0.06
Fe 50+9 59±7
Co 0.19+0.07 0.10±0.02
Se 0.8±0.4 0.49+0.02
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